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TOYOTA TECHNICAL CENTER, U.S.A., INC. | V - 1 > 2 l * f 
ANN ARBOR BRANCH 

1588 WOODRIDGE, RR #7, ANN ARBOR, Ml 48105, PHONE (313) 769-1350 

March 1, 1991 

Air Docket Section (LE-131) y----z-_-.•;.;•• 
U.S. Environmental Protection Agency : ../L././ 
Room M-1500 
401 M Street, S.W. MAR - 6 |Qp| 
Washington, D.C. 20460 

Attention : Docket No. A-90-16 

Subject : Submission of Toyota's Emission Test Results with 
MMT Fuel Additive 

Toyota submitted the interim emission test results dated October 26th 1990 for a 
vehicle durability program which had 1/32 g/gallon Mn MMT added to the test fuel. 

We have just completed all tests, including additional reference tests for fuel without 
MMT. Although this data was obtained from one vehicle, the information is being 
supplied for your information. 

The data shows that HC, CO and Particulate Emissions are all adversely affected by 
the MMT additive. The NOx Emissions were not dramatically affected. The 
increase in HC corresponds to our past test results with 1/16 g/gallon Mn MMT 
attached to our comments dated July 20, 1990. 

If there are any questions regarding the enclosed information, please contact Mr. K. 
Kibe of my staff. 

7' 

Sincerely, 

Takao Niwa 
General Manager 
Emission Certification 

cc : Ms. Mary T. Smith 
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1. Test Vehicle and Engine 

Vehicle : '90 MY Camry Sedan, 4 A/T 
Engine : 3S-FE (2.0L, L4) 
Emission Control System : Multipoint Electronic Fuel Injection + 2 Three Way 

Catalysts (Close-coupled and Underfloor catalysts) + 2 
Oxygen Sensors 

2. Test Conditions 

(1) MMT Additive 1/32 g/gallon Mn 

(2) Mileage Accumulation Fuel Characteristi 
RON 
MON 
RVP 
Distillation Range 

IBP ( Degrees 
10% 
50% 
90% 
EP 

Olefins (vol. %) 

91.4 
81.5 
9.9 psi 

F)85 
119 
211 
343 
402 
6.8 

Aromatics (vol. %) 36.5 

(3) Mileage Accumulation Mode 
Toyota in-house durability driving mode 

(4) Emission Test Fuel 
EPA certification test fuel 
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3. Tes t Resul ts 
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FOREWORD: 

Research is being conducted, at the request of the Angurugu 

Community, Groote Eylandt, into the unusual disease conditions 

prevalent there. 

This publication reports the proceedings of the conference 

held in Health House of the N.T. Department of Health, Oarwin, on 

11 June, 1987. 

Thanks for support in this venture are due to the following 

organizations: 

The Northern Territory Department of Health 

The Angurugu Community Council 

The Groote Eylandt Mining Company Ltd 

The Church Missionary Society 

The National Health and Medical Research Council 

The Menzies School of Health Research, Darwin 

The Department of Aboriginal Affairs 

The University of New South Hales 

All contributed in their own way to this production. 

Joint editors:-

Prof John Cawte and Dr Charles Kilburn 
Schools of Psychiatry, and Paediatrics, 
University of New South Wales 

#y 

REASONS FOR CONVENING THIS CONFERENCE 

Chairman: Professor John Cawte 

Tiie -VM loquium was held at the Health Department of thc 

Northern Territory, Darwin, on 11th June, 1987. Thc agenda was to share 

new int'ormat ;on about the neurological disorders and possibly other related 

conditions art'ecting people at Angurugu, Groote Eylandt, where there is 

an unusual r.ineral ambience. 

The colloquium host was Dr Keith Fleming, Secretary of thc 

Northern Territory Department of Health. The convener and invited 

chairman was Prof. John Cawte of The University of New South Wales, 

stationed at Prince Henry Hospital, Sydney, but a long-time outdweller 

visitor-researcher. 

The Angurugu Council, Groote Eylandt, and the Groote Eylandt 

Mining Company kindly made relevant personnel available to attend this 

meeting and provided the fares of some contributors travelling from 

outside Darwin. 

This meeting was not designed as a medical conference in its 

usual sense. Medical information about these disorders was not felt, 

as yet, to be complete enough to generate that. However, enough 

information was available in early 1987 to convince both Prof. Cawte 

and the leading field researcher, Dr Charles Kilburn, that an informal 

gathering should be convened to share this information and to discuss 

the growing concern about these unusual disorders and their possible 

chemical environmental associations. Prof. Cawte and Dr Kilburn 

considered that they might be held remiss if they did not convene such 

a meeting, even while the present information is more contributory than 

completed. 

Speakers were invited from the involved groups, ranging from 

the sufferers and their affected community outwards to consultant 

chemists and doctors. Speakers were asked to present their information 

in brief commentaries. Time was allowed for audience questions, 

discussion and for future planning designed to understand and to counter 

these grave conditions. 
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The meeting was. in effect, a sequel to an initial gathering 

held to discuss the outset of this research program, convened at the 

N.T. Department of Health, Darwin, on 1st December 1983. That meeting, 

which was then deemed confidential, had been entitled: Possible 

Association of Manganism uith the Groote Eylandt Syndromes. 

At that inaugural 1983 meeting Prof. Cawte presented two papers 

before lunch : 

1. Manganic Syndromes : neurological: Psychiatric; Teratological; 
others. Discussion followed. 

Manganese Toxicology: Findings since 7975: Human; Veterinary; 
Marine-Biological. Discussion followed. 

After lunch the research proposals were discussed in terms of the 

findings up to that time; of suggested future work; of costs; and sources 

of funds. 

Immediately following that 1983 meeting, the Groote Eylandt Mining 

Company kindly donated $30,000 expense costs per year, for up to three 

years, and the Angurugu Community Council J10.000 per year, for up to 

three years. The former fund has been used chiefly for transport of 

skilled consultants to thc distant site, and the latter chiefly for payments 

to local informants at the site helping the study. 

Two years subsequently, in 198S, the NHSMRC awarded, on Prof.Cawte's 

application, a research fund that enabled Dr Charles Kilburn to undertake 

resident medical officer activity at Angurugu, Groote Eylandt, including 

a control study at Galiwinku, Elcho Island, N.T. Dr Kilburn also registered 

as a higher degree candidate at the University of New South Wales. 

The present (1987) meeting was designed to review findings 

(especially clinical and chemical) since 1984, facilitated by the above 

financial support. The donors are thanked, together with members of the 

N.T. Department of Health and other organisations who have assisted. A 

tribute is paid to these parties in the Chairman's Introduction of 

Participants at this meeting. 

After the June 11th 1987 colloquium, the contributing speakers 

were invited to draft their observations, which had been hastily prepared 

in most cases, in a form suitable for publication of Ir.zerim Proceedings, • 

including their references. These papers were typed by Ms Mary Hammill, 

compositor for the two education journals funded by the Commonwealth 

Department of Aboriginal Affairs: The Aboriginal Health t/orker (Hon. 

Editor, John Cawte) and The Aboriginal Child at School (Hon. Editor, 

Dawn Muir). The final collection of material was printed, for limited 

circulation, by the University of Queensland Printcry, St Lucia, Brisbane, 

including line illustrations by Aboriginal medical illustrator, Billy Reid. 
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C O L L O Q U I U M O U T L I 

Changes in the order of speakers were made on the day, 
reflecting speaker availability and other factors 

arising at the' time 

Introduction of participants; apologies 
and some tributes. 

Mr Murubuda Wurramarba: Views of the Angurugu Community Council, 
from its Chairman. 

Dr Joan Ridley: A Neurological Ethnic-Geographic Isolate 
(read from clinical paper by Professors 
Leslie Kiloh and John Cawte - not published 
in Australia). 

Mr Graham Hams: Findings from the Clinical Chemistry Laboratory 
at the Prince of Wales Hospital, Randwick, 
Sydney. 

Dr Mark Florence: Findings concerning the Manganese Ecology at 
Angurugu, from CSIRO at Lucas Heights, 
Sydney. 

Dr Charles Kilburn: Pediatric and Other Disorders at Angurugu. 

Professor John Cawte: What One Patient Taught One Epidemiologist 
(illustrated by video tapes of this patient 
under treatment). 

Professor David Turner: Anthropological Concerns. 

Professor John Cawte: The Angurugu Syndrome: Should the Community 
Consider Relocation? 

Afterwords for the 
Conference: 

Press Release; Paper reports; 
Notes by the Hon. K.C. Wentworth; 
Reports from Hawaii, and others. 

CHAIRMAN'S INTRODUCTION OF PARTICIPANTS 

Ladies and Gentlemen 

Thank you for cooing to an unusual gathering. I turn to you 

especially, Dr Keith Fleming, for hosting us all in your capacity as 

Secretary for Health and a few other services. I turn to you, 

Dr Ella Stack, for arranging this meeting in the Blue Room of Health 

House, providing our morning and afternoon tea and lunch, along with 

your usual interest in health problems. This is not a medical conference, 

but an associates' sharing of findings so far made respecting the 

Angurugu syndromes. It's a difficult issue. Dr Charles Kilburn and I, 

as chief workers in the field, felt that if we did not now call a 

meeting, we could be criticised for failing to communicate a problem 

that is hard to counter, and one in which the usual solutions do not 

apply. 

Today's program has been altered several times during the past 

week. Some speakers are out of Australia. I could not confer with 

I'r Kilburn because he was out of contact with Sydney, being on Elcho 

Island. There arc deficiencies today but at least we can all share 

the major, points. We can conduct a medical conference in two or three 

years, my own estimate of the time needed for a full account, given 

enough support and funding on the way. 

First, some apologies. Our early clinical worker, Professor 

Leslie Kiloh is having his Festschrift in Sydney today. He wanted to 

come to Darwin but I persuaded him that he'd better stay at home on 

this occasion. Dr Bill Webster, our hardworking embryologist exposing 

gravip; rats to manganese, is overseas. So is Dr Ivor Dreosti, thc 

expert on manganese, alcohol and superoxide dismutase at Adelaide's 

CSIRO. Dr Kilburn and 1 have consulted him in his manganese studies, 

which I hope Dr Florence, of Sydney CSIRO, will mention today. 

It was Mr Clyde Holding, the present Minister for Aboriginal 

Affairs, who suggested that 1 should convene this meeting. Ke are 

fortunate to have with us his distinguished predecessor, thc first 

Minister for Aboriginal Affairs, Hon. W.C. ("Billy") Wentworth. 
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We are grateful that we have a representative group of our 

Angurugu friends, who first asked me to study this problem years ago. 

We conferred with many more of them on Groote Eylandt yesterday. Today 

their group is led by Mr Murubuda Wurramarba, the Chairman of Angurugu 

Community Council. Also present is the Town Clerk, Bobby Nungamudjba, 

who spoke on this subject in Canberra with me a month or two ago. My 

friend, patient and chief helper is here. , I will dwell later on what 

he has taught me. I am delighted that my dear Damiya is here today. She 

is the senior of the female health workers at Angurugu. We visitors 

slept at the Health Centre last night, and helped Damiya during a night 

disturbed by ills ranging from infection to compound fracture of the 

ulna. 

The N.T. Department of Health is, of course, well represented 

here. I'D most grateful for the response of the Secretary, Dr Keith 

Fleming, whose words by phone to me in Sydney linger firmly in my mind. 

He just told me, "I'll do anything I can to help in this matter." He 

has given us hospital accommodations, use of a hire car, and is even 

asking me to lecture on Pablo Picasso tonight at a small barbecue at 

his (Keith's) home. A masochist for punishment, obviously, Dr Fleming. 

It is good once more to meet with some Tcrritorian medical 

friend-.. I've known the work of Dr Kerry Kirke over many years in The 

Centre. He's here as Assistant Secretary for Health Advancement, with 

responsibilities for Aboriginal health. DT John Hargrave and 1 must 

have had Christmas dinners together after all the Hansen's disease he 

managed, ten years in a row, at the home of Rev. Harold Shepherdson and 

his wife Ella, at Elcho Island. It is good to see here Professor John 

Mathews, of the Men:ics School of Health Research, who has such 

responsibilities for the future of health here, and who takes a special 

interest in this study. Also Dr Joan Ridley, an old psychiatric colleague 

of Professor Kiloh (I believe another Northumbrian) and myself. 

1 had dinner with Mrs Margaret Sheridan at Gove two nights ago. 

It's good to see her here, as Regional Director of East Arnhem Health. 

1 rarely come to Darwin nowadays since 1 receive such support from her 

and her predecessors in East Arnhem Land during my medical invitations 

by those communities. Margaret knows all thc best places to eat in Gove, 

11. 
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I am deeply relieved to find that Dr Mark Florence, outstanding 

trace element expert from CSIRO, Lucas Heights, has made it today. CSIRO 

researchers know a lot more about minerals than do medicos, and Mark has 

some crucial findings to offer us today in two talks that he is offering 

on behalf of himself and his Adelaide CSIRO Colleague, Dr Ivor Oreosti. 

Indeed, without the CSIRO findings on manganic ambience at Angurugu, I 

doubt if we should be holding this meeting today. Our sincere medical 

thanks to CSIRO and Or Florence. 

I have been travelling in the company of an old friend, Mr Don 

O'Rourke, First Assistant Secretary of the Programs Policy Division of 

the Department of Aboriginal Affairs in Canberra. Don wanted to look at 

the patients of whom ue speak in their home setting at Angurugu. So did 

our other travelling companion, Mr Peter Moyle, of the Aboriginal Health 

Branch of the Commonwealth Health Department in Canberra. The Angurugu 

people were pleased to greet them. 

From the Church Missionary Society I bring you the good wishes of 

Bishop Clyde Wood, who has always been interested and will try to be here 

later today. Two CM.S. workers of Angurugu deserve our special thanks. 

Mary Harris (Mrs Eves) cannot be here today, but it was chiefly her 

concern, as a social worker, that first attracted our attention to this 

illness, as Dr Ridley's opening paper will describe. Mr Lance Tremlett, 

as CM.S. Manager at Angurugu, has given us endless support and encourage

ment and, with his wife Gwen, hospitality over many dinner tables. Only 

yesterday Lance was showing us the famous old Mission garden, which we now 

know to be saturated with manganese, along with its plants that the people 

ate so much in those days. 

I feel bound to pay a tribute to the remarkable group of CM.S. 

research missionaries at Angurugu who have helped us in our work -

Judith Stokes, Julie Waddy and, most of all, Dulcie Levitt now retired in 

Sydney, a botanist who periodically visits me at my hospital to talk about 

plants and people of Groote Eylandt. Our findings could offer Dulcie a 

new chapter in the next edition: 

We welcome some guests from the Groote Eylandt Mining Company Pty 

Ltd, led by the manager, Mr Sergio Fuenzalida who, after being operations 

superintendent succeeded the previous manager, Mr Trevor Tennant, who 



provided us with financial help some years ago. The Company's speaker 

today is Mr Alan Wright, a public relations officer who has always been 

deeply interested in the Anindilyakwa people, many of whom have worked 

for the company. I also see Mr Clive Thurlway, who is responsible for 

environmental interests of the company, and others. All have been 

helpful to us. We don't see here a previous employee, Mr Jack O'Hare, 

who retired on the Eylandt down at Yimbagwa, in a caravan. Jack is in 

Casuarina Hospital having surgery for his hip. I'll call on him tomorrow. 

Jack is not only welcoming to me on my too rare visits, but full of 

information about early times. We value Jack and wish him successful 

recovery. 

Of my B.H.P. colleagues, I particularly welcome on everybody's 

behalf, Dr Robert Hart, head of the Division of Health and Safety for 

that company. I have been seeing Bob on and off over the years and 1 

have found him realistic and experienced. My only objection to him is 

that he lives in Melbourne, when he is not overseas as he often seems to 

be. 1 decided to go to Melbourne BHP headquarters to sec him last week, 

as he was not able to keep his appointment to see me in Sydney. He is 

accompanied by his epidemiologist colleague, Dr Michael Fett. 

From my own group of hospital consultants in Sydney we welcome 

thc neuro-chemist, Graham Hams. Graham makes some striking discolosurcs 

today. With his newly installed atomic absorption spectrometer, he has 

disproved a contention that one commonly finds in older books, that 

tissue manganese is not measurable in humans, for the most part. Graham 

has demonstrated high levels in the blood of most of our neurological 

patients, which we never expected to find. It helps us' 

Of my other colleagues, the ncuro-pathologist, Prof Bruce Warren 

was here a month ago. As yet we have no autopsy studies but wc hope that 

Bruce will rectify this. The community has accepted Bruce's role. Thc 

neurologist, Dr Keith Lethlean will be up here next month with his myogram 

recorder and assistant, Dr Heather Johnson. 

I really want to thank all the nurses who have assisted us over 

the years, but there are too many, so I'll restrict my thanks to Rachel 

Jordan, one of the first sisters to help me ten years ago. I saw Rachel 

yesterday in her new capacity with thc AIDS problem. We are all in her debt.' 

Groote Eylandt has known many famous anthropologists, from Norman 

Tindale, whom I knew of old at the South Australian Museum (whenever he 

was there) and C P . Mount ford. I suppose the most famous is Donald Thomson, 

whose remarkable public achievements one can read about in Dr Nicolas 

Petersen's well illustrated book, Thomson in Arnhem Land. Indeed, Thomson, 

more than any other, created precious Arnhem Land as a Reserve for its 

people. I have also met Prof Fred Rose, now in East Berlin, who had thc 

foresight to include photographs of residents in his book. But today we 

are lucky to have with us the leading anthropologist of the present day. 

Prof David Turner of Toronto. He will be speaking to us shortly. 

I have to apologise to oy normal Arnhem Land hosts of Elcho 

Island, where 1 have spent most of my vacations for 20 years as an anthro

pologist physician. I have attended them medically and studied their 

healing and their mourning, as well as their religion, and their latest 

craze of drinking Kava from Fiji. I am involved in advising the Western 

Australian Government on that drug substance - we are convinced it is a drug, 

not a food - but 1 have had to sacrifice Elcho interests to attend to 

Groote Eylandt of recent years. I'll go back "home" when I can. Meantime, 

our child specialist who is working on Groote-under my NH6MRC grant, 

Dr Charles Kilburn, recently carried out his control study on Elcho, and 

no doubt represented oe well. You'll hear today how we are lucky to have 

such a sincere and balanced specialist as Dr Kilburn. I'm grateful that 

he'll move to Darwin after the grant is over and hopefully continue his 

work on Groote Eylandt as a consultant. 

Giving my grateful thanks to you all for contributing today, I 

can ohly apologise if I have missed someone I should recall. You are * 

all deeply valued in the pursuit of this mysterious and tragic disease 

and the unusual ambience in which it occurs. 

A final word for the most valuable consultant who is not here 

today, because he is at home in Quebec. Professor John Donaldson is in my 

opinion the world's authority on the effects of manganese on the nervous 

system. He visited me last year when I was a guest at the Center for 

Advanced Study in the Behavioral Sciences at Stanford, California, and 

he taught oe and Dr Kilburn last December in Australia about thc vagaries 

of this element in the nervous system. We await his new article on this 

subject in the forthcoming issue of Neuvozcz.oology. Ke wish you were here 

today, John, to talk about thc 140* longitude neurological' disorders. 

Kftt-lSSŜ PW 



CHAIRMAN, ANGURUGU COUNCIL 

Mr Murabuda Wurramarba, Chairman of Angurugu Council, spoke 

briefly about the concern of his people over their strange diseases. 

He mentioned that they had asked Dr Cawte to give his opinion some 

years ago. Since then many advisers had visited. Finally Dr Charles 

Kilburn who had lived with them and carried out important medical 

work, particularly with children. 

Mr Murabuda said that his people were anxious that the Tesearch 

go forward to a successful conclusion. The disease must be controlled 

to make the people strong and happy. He emphasized that the people 

did not want any public attention, fuss or trouble. They just 

wanted their disease understood and relieved. 

He thanked today's experts for coming to this meeting. 
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A NEUROLOGICAL ETHNIC-GEOGRAPHIC ISOLATE 
ON GROOTE EYLANDT0 

L.G. Kiloh and J.E. CawteO 
University of New South Males 

Groote Eylandt, which curiously retains its Dutch name though 

probably discovered by the Portuguese, is the largest island in the 

Gulf of Carpentaria in the North of Australia. Its bearings are 

latitude 14* South and longitude 138* East. Together with a small cluster 

of Aborigines on one of the nearby islands and on the mainland, the total 

Aboriginal population is about 1100. 

On our way back from Elcho Island we visited Groote Eylandt briefly 

in 1977 and met Mary Harris, a social worker who had spent a number of 

years on the island. Mary Harris was disturbed by the number of Aborigines 

with neurological disorders and drew our attention to them. In thc short 

time available we saw a number of the patients and returned a year later 

accompanied by Dr Keith Lethlean and Dr Graeme Morgan. With the help of 

Mary Harris and the nursing sisters we were able to identify thirteen 

definite and three probable cases. We studied them in more detail than was 

possible during our earlier hurried visit and gave some consideration to 

possible etiological factors. 

To summarise the first findings (Kiloh et al. 1980J there were 

seven cases showing features of a motor neurone disease, two with only 

lower motor neurone involvement and five with the additional lateral 

sclerosis. One of the latter had shown only lower motor abnormalities 

on our first visit. In four of these seven cases abnormalities were 

observed by the mothers soon after birth. Most of these patients also 

showed a striking degree of hypotonicity with very lax ligaments. One of 

this group whom we did not see had died several years before, having 

developed a bulbar palsy. There were six patients with a curious mixed 

picture showing cerebellar features and pyramidal tract involvement. Four 

showed a variety of supranuclear and internuclear ophthalmological 

paralyses and three some muscle wasting. In addition, there were three 

"From K.M.Chen i. Y.Vase (Eds) 1984-. Amyotrophic Lateral Sclerosis ir. 
Asia and Oceania. National Taiwan University. 

*This paper was read at the Conference by the Darwin psychiatrist, and 
colleague of the writers, Dr Joan Ridley. 
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Aborigines with lax ligaments whom we thought had a mild and probably 

non-progressive ALS-type syndrome. Of thirteen definite cases, one 

showed a mild dementia and in another this diagnosis was queried. A 

mild degree of parkinsonism was also queried in two patients. 

It is unfortunate that we have had great difficulty in obtaining 

funds to investigate the Groote Eylandt population further. One of us 

(J.E.C) has managed to look in briefly several times on his journeys to 

and from Elcho Island. He have kept in close touch with one of the 

important members of the Aboriginal Council who happens to be one of the 

patients. About two thirds of the cases appear to have progressed. Two 

have died, but even had we been there at the time it would probably have 

been impossible to have obtained autopsy material. One new case has been 

located with cerebellar and upper motor neurone features. 

It might be worth adding that other peculiarities have been noted 

in the Groote Eylandt inhabitants. In one family ten of twelve siblings 

have died, nine in early childhood. One, who survived to the age of five 

years was never able to walk. In two other related families there is a 

remarkably high incidence of heart and renal disease and of twelve siblings, 

four have died in late adolescence or early adult life and two others are 

affected. There is also hearsay evidence of a psychiatric syndrome unusual 

in Australian Aborigines, in which the patient is subject to unexpected 

episodes of rage and aggression - something between amok and the episodic 

dyscontrol syndrome. Our informants indicate that in women it occurs in 

the first trimester of pregnancy. 

Ke considered that the syndromes, although varying widely, were 

likely to be examples of a polymorphous condition having a common etiology. 

At the time of our first visit we were impressed by the strong 

familial nature of the illnesses and we thought that they were likely to 

be genetic. In a small closed community of this kind everyone is related 

in some degree to everyone else and Dr Graeme Morgan found great difficulty 

with his genetic studies. However, strongly against a primary genetic 

basis was the fact that in the 1920s the population of Groote Eylandt had 

been studied separately by Dr Tindale and Dr Rose, both of them competent 

and observant anthropologists. Neither of them referred td any neurological 

disease. Rose photographed every member of the population but his findings 
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were not published until 1960; no indication of these disabilities 

appears. Furthermore, none of the missionaries drew attention to the 

condition, nor do the Aborigines themselves have any tradition - and 

established sorcery explanations - of such a disorder. 

The possibility that neurotoxins derived from cycad nuts or 

cassava was considered but rejected. The most striking ecological feature 

of the population of Groote Eylandt is that most of them live in the middle 

of a large manganese deposit and are surrounded by open cut mining activities 

and dumps of crushed ore. In the principal of their two villages, lumps 

of black manganese oxide can be picked up in the streets and at any time a 

thin film of black dust can be wiped from furniture and other exposed 

objects. The local river from which the water supply is derived runs 

across a bed of exposed manganese ore. The other Aboriginal village in 

which two cases were identified lies on the opposite side of the island and 

has no nearby manganese deposits. However, there is much movement between 

the two areas. The three mainland patients are also distant from the 

major manganese deposit but again mobility does occur and furthermore they 

live on the edge of Blue Mud Bay, originally so named by Flinders, Captain 

Cook's successor as a cartographer. The colour was later found to be due 

to manganese. Amongst Aboriginal bark paintings those from Groote Eylandt 

can easily be identified at a distance by their extensive use of black 

pigment - a colour available to other Aboriginal communities only as 

charcoal. 

At the time of our visit we considered thc possibility that 

manganese was responsible for the genesis of the neurological abnormalities. 

At that time our knowledge of manganese intoxication was limited to the 

acute and chronic syndromes suffered by miners in Egypt and Chile, which 

arc dominated by extrapyramidal syndromes. These differ markedly from 

from those presented by the Groote Eylandt Aborigines. At the same time, 

wc did not overlook the fact that up till 1942 the entire population 

lived beside Emerald River some 20 odd miles south of the manganese 

deposit. In that year their airstrip assumed strategic importance and 

was taken over by the Royal Australian Air Force. Perhaps not without 

justification, the community became concerned and moved the settlement 

up the coast to the next major water supply and established the village 

of Angurugu where most of our cases were found. 
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It Is Interesting to consider the birth dates and the times of 

onset of the sydnrooes in relation to the oove to Angurugu. Of the 

sixteen cases, five were born before the Dove and-only two after the 

development of the dining operation. In none of the cases we know about 

did the syndrome appear before the move but in eight the symptoms began 

before thc mine was opened. 

Ke have carried out an intensive study of the literature on 

manganese and there appears to be considerable evidence froa animal and 

veterinary studies that in addition to its effects upon the nature 

nervous systea, aanganese is capable of teratogenic effects perhaps 

directly, perhaps by interaction with other elements, or perhaps in 

association uith protein oalnutrition. 

|Our early notes on these syndromes were made nearly ten years 

ago. Since then we have published several research papers describing 

our studies and we have established a research physician on the island. 

The recent findings of high levels of aanganese In the blood of neuro

logical patients and In the garden soil and plants of the village, will 

be outlined in today's proceedings. These findings certainly adc 

interest to our early investigation). 
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ANAIVSIS OF MANGANESE IN WHOLF BLOOO 

Graham A.Hams Trace Metal Laboratory 
Division ol Clinical Chemistry 
Prince ol Wales Hospital 
RANOWICK NSW 2031. 

A method for determining the concentraLon ol manganese in whole blood 
was established in my laboratory during 19S6. 

The method utilised the laboratories' AA97S atomic absorption 
spectrometer which was equipped with the GTA 95 electrothermal 
atomiser (both manufactured by Varian Pty.Ud. Mutgrave. Vic.) The 
analytical technique was a novel appiication based on a technique reponed 
in literature in 1986.(1) 

The spectrometer was operated in double beam mode and used a deuterium 
background correction lacility. The furnace atomiser employed a solid 
pyrolytic graphite platform to reduce condensed phase matrix 
interference. 

Samples for analysis were collected on Groote Eylandt by Charles Kilburn. 
as heparirtised whole blood. The collection apparatus was 'rinsed' with 
patients blood prior to sampling for manganese so as to minimise 
contamination Irom the hypodermic needle. The samples were transported 
to the laboratory at 4°ce!sius. 

Within the laboratory, the samples were diluted to one fifth oi their 
original concentration with manganese free diluent water. The diluted 
blood was mixed with a small volume of 70% w'w nitric acid (Univar. Ajax 
Chemical. NSW) and more water within the furnace atomiser. The 
temperature of the atomiser was increased slowly from 40oce:?ius lo 
400°cel »ius wfv.e maintaining a pure oxygen atmosphere over the sample. 
Tne atomiser temperature was then increased more .ap:diy to 800ocel- _ -.i. 
after changing fie atmosphere tc ojre a-gon. Gas I ow was stopped and 
the sample residue atomised al 2600°cel-1.- Atoxic aosorbance signals 
were measured as peak hemht 

Tne analysis wa: routinely ca1 ora-.eo %v;th acueojs s:a.~pdards 
Penodca'y. :--e z,zti\y between aojeo-s ca!:orat on aid standard 
aca:;io".s cahb.-a: on on a lo-.v rr_a-.aar.ese conce.-'/a:-on whole blood was 
ascertained. 

The analysis s-.owed amp:e sensitivity. Peak he:gr.t absorbances ranged 
i'om 0 04 unit; tc 0.12 units over the laooratory reference interval ol 100 
to 350 nanomc-es manganese per litre ol blood. This interval compares • 
favourably »;:-. ctner workers' est-Tj'ions of a reference interval (2.3.4.) 

Background absorption during alomisatron of whole blood samples can be 
an intractable problem. The combination of matrix modification, oxygen 
ashing and temperature profile used in this analysis both reduced the 
absolute sze of the background signal to a manageable level and movea it 
terr.DOra.:y so that interference was minimised before the application ol 
Dackg-ojr.d correction, (fig.i) 

Analyse cl whoie blood collected from eight neurologically affected 
•'pboncr.ais from Groote Eylandt showed six individuals tc have markedly 
ncreaseo -rancanese concentrations. Eight unaffected Aboriginals 
'esioert rr. tr.e same area showed normal blood manganese concentrations 
(Sj. 

DISCUSSION'OF THF RESULTS 

Tk.e technique as applied appears to indicate a possible association 
between e evated blood manganese and the occurence of the "Groote 
Eylanc: Syndrome". 

'.'• re association is shown to be valid by further testing it maybe 
tha! these affected individuals have increased organ exposure to 
manganese through one or a combination of the following metabolic 
abnorrr'a : es: - • . 

increased intestinal absorption of a normal 
n-angn.-r-e it-aa 
increased exposure to environmental manganese but a 
normal uptake. 
decreased hepatic excretion of manganese 

• I 

2) 

3) 

Future studies to verify or reject the association between elevated 
blood -ya-canese and the neurological syndrome should include:-

1) some form of population survey or surveys of Groote 
Eylandt to accurately determine the local "normal" range 
of whole blood manganese levels. 

2) comparison of results tor affected and unaffected 
individuals to check for the association. 

3) follow-up studies over a period of some months to 
identify varying exposure lo manganese. 

4) analysis of cord blood lo determine the extent of 
in utero exposure. 

5) manganese body balance studies 

CONCLUS:ON 

A method for analysing manganese in whole blood samples by 
atomic absorption spectrometry has been developed. The technique has 
good operational characteristics and shows excellent analyte and 
background signal separation. 
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Application of the method to a small sample of bloods taken from Groote 
Eylandt Aboriginals may indicate some association between elevated blood 
manganese and a neurological syndrome. This association has yet to be 
proved 

Future studies should include a population survey to assess gene-a' 
exposure and indip>K_ua! response to environmental manganese 

It shoulo be noted that this laboratory is able to carry o j t a sma" 
scale preliminary survey for no charge. However, should larger scale 
surveys or population monitoring be required (either by the Aboriginal 
community or by the Groote Eylandt Mining Company for its employees) 
some funding would be required to increase the laboratories analytical 
capacity. 
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The Barrammdi 
by 

Kneepad 
From Time Before Morning by Louis Allen, 1975. 
Crowell Co*, New York. 
The Groote Eylandt s ty l e often features prominent 
figures in dashed l ines on a background made black 
by manganese oxide rather than by charcoal. 

Ecological Studies of Manganese on 

Groote Eylandt 

T.M. Florence, J.L. Stauber and J . J . Fardy 

CSIF.O iM vision of Energy Chemistry, 
Lucas Heights, U.S.U. 

1. Introduction 

Most manganese sa l t s have low acute t o x i c i t y , and manganese was 

thought for a long time to be one of the most innocuous of elements | l j . 

The long-tern ichronlc) tox ic i ty of aanganese was recognized la ter , as a 

result of neurological disorders with symptoms similar to Parkinson's 

Uisen*** appear!n- in some manganese nlners, particularly those in Chile 

'•rooic Kyiandt has extensive and rich r»*inganeso deposits which ... 

Hne<i r»nd prcvi<:«. a valuable export for Ausir.il l.i. 1.;e nain Aborlgi:.:. 

villr.r.c of .->n--:iru«;u Is situated in one area of nniignnesc nlncral lzat 1 •..:;, 

with hirh soil .-.:.<: plant manganese. A small nunber o_T Aborigines have 

developed unusu.nl neurological problems which are somewhat s imilar to those 

reported for miners suffering from manganese intoxicat ion, and It was 

important to <;oternine lf these problems ( the "An»;urur.u Syndrome") were 

.inror :.-,ted vi;;. e<ccsslv«* nanrjanese lr.tai;*-. 

!:i this r«; *•-••• i:; . an obvious question if. "If -i i I t !.«* innnt-i' 

.•b-ijrijfu .iro ur.iforn.lv exposed to hl/'h l eve l s ol n.i:ij:atii_s«, vi-y ,ir« .-_;-. 

1-2". of th" population affected?" This question can bc ansui:rv<i or. LTH. 

basis of Individual s u s c e p t i b i l i t y . In the Chilean aanganese mines, l e s s 

than 5* of the miners developed chronic manganese tox ic i ty ; one miner may 

have been severely affected while his workmate, working beside him for the 

*J2J*^^&t*t£^i»^$ 
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oooe length of time, and exposed to the same concentrations of manganese In 

Air, showed no toxic symptoms whatsoever [3j- This phenooeoon of 

individual ousceptlblllty has been observed with other metals such as lend, 

mercury and berylliua, and also with tobacco smoking. Host people know of 

a relative or friend who has smoked heavily all his life yet has not 

developed lung cancer or any of the other Booking-related diseases. 

Others, with a auch lower tobacco usage, succumb quickly. The differences 

in ability to cope with toxicants is believed to reault froa individual 

variations in uptake rate and clearance rate of the toxicant, and the 

lnduclblllty of enzyme systems which detoxify the foreign compound: !r. -

case of manganese., the cost important factor is believed [A! to be the 

differences in the excretion ability of the liver and kidneys. 

This study was undertaken to establish manganese concentrations In the 

environment and diet of Croote Eylandt Aborigines, and to compare the 

results with world average concentrations, 

2. Toxicology of Manganese 

Donaldson and co-workers (5j have shoun hou the neurotoxicity of 

manganese could arise as tlw result of Hn( Il)/:in( III) catalysis of doĵ m'.*--

oxidation In the brain. Our own studies at Lucas Heights indicate that thc 

relevant reactions are: 

Mn' 02 
(1) 

..nr- + 0 / + "it* —»- -n : + »2°r 

HO ^ ^ ) 

dopamine 

P = ̂  V 1 • 2Mn- * 2i! 

o -^y / 
NH2 

dopaalne qulnone 

( i ) 

• > V ; * 1 . 

•f£y 
••/s%<k 

- 2 5 -

Keactlon (1) proceeds only In the presence of a manganese( lII)-complexlng 

llgand (such as pyrophosphate, c i t ra te or xanthine) and dopaalne. The 

products of manganese and dopaalne oxidation, l e , hydrogen peroxide and 

dopamine qulnone, are strongly neutrotoxlc. Catalase, the enzyme 

responsible for destroying n 2 0 2 i s low in the brain, and superoxide 

dismutase, the enzyme which d i s soc ia te s superoxide radical (02*)* i s 

unevenly distributed ( 6 ) . Manganese(II), however, e f f i c i e n t l y catalyzes 

the dissociat ion of 0 2 * . Superoxide radical, normally considered a 

dangerous species In biological sys teas , i s nevertheless e s s e n t i a l In the 

brain for the synthesis of the neurotransmitters , norepinephrine and 

serotonin (7 |. A certain leve l of manganese may a l so be e s sent ia l to 

participate In vi tal redox react ions, but too high a concentration could 

lead to serious toxic e f f e c t s . 

The neurotOAic e f fec t s of excess manganese may be, (1) reduction of 

dopamine concentrations, (11) production of toxic dopamine oxidation 

products (quinones and seml-qulnones), (111) production of hydrogen 

peroxide ( lv ) destruction of superoxide radical . Other metal Ions, such as 

Cu" and Fe , can also catalyze these reactions, but they are usually 

t ight ly bound In enzymes, and not free to part ic ipate in reactions such as 

U>-<4) . 

3. Blood Analyses 

The determination of manganese In blood Is of l i t t l e use for the 

diagnosis of chronic aanganese poisoning [3J. Manganese miners with severe 

symptoms of manganism, after removal froa the workplace, usually had nornal 

manganese-ln-blood concentrations (3J« On the other hand, apparently 

healthy miners, working in the nine, had high blood aanganese. Manganese 

In the human body Is characterized by two h a l f - l i v e s of"4 and 40 days, so 

blood aanganese can only give an indication of recent exposure, and 

provides no inforaation about the body store of aanganese ( 2 ] . 

Nevertheless, for equally exposed Individuals, high blood manganese may 



Indicate those with enhanced uptake mechanisms and/or deficient clearance 

mechanisms. 

Results for catheter-collected (Jan 1987) blood from Groote Eylandt 

inhabitants are given in Table 1. The manganese values were determined by 

Mr Craham Hams, Clinical Chemistry Department, Prince of Wales Hospital. 

Neutron activation analysis was alao carried out at Lucas Heights on some 

of the bloods and, in general, good agreement was obtained. 

The average blood manganese (ug/L) for the four groups (Table 1) were: 

CEMCO workers (omitting Ito. 1), 8.4; Caucasians In Angurugu, 7.3; affected 

Aborigines (omitting No. 7), 36.1; unaffected Aborigines, 13.9. The normal 

range for manganese in blood is 6 to 12 ug/L, with a mean (Sydney) of about 

8.5 ugMn/L. The Caucasian Inhabitants of Groote Eylandt have blood 

manganese values close to this aean, but Aborigines unaffected by the 

Angurugu Syndrome have double the Caucasian blood aanganese, and those 

affected, four times. The affected Aborigines also had low henoglobin 

(normal range 12-18 g/dL) and low ferritin (norm.il 25-150(F), ?5-260(fi) 

Ug/L). Therefore, in addition to high blood manganese, they have a lou 

Iron status (anemia). 

One sample of cord blood from an Angurugu baby delivered in Cove had 41 

ugMn/L, even though the mother's blood was normal (7.2 pgMn/L) and the 

concentration of aanganese in the placenta was lou (0.12 ug/g dry wt.). 

4. Factors that Exacerbate Manganese Toxicity 

The following factors are known to increase the toxic effects of 

manganese 18 '. 

(a) Low lron(anemla). Iron and aanganese have a similar uptake acchanlsn: 

anemic Individuals Itave enhanced absorption of both Iron and nangancse, aic! 

are known to be aore susceptible to the toxic effects of this element ( 2 1. 

(b) Chronic Infections. Infections cause an Increase In the production of 

H2O2 and free radicals in the body, putting greater strains on the ability 

. ^ S & J S S « i S i ^ ^ 

of tha cellular oad autrocellular aatlonldabto to ocoveaga theoe toxic 

subotoncea, already produced la asceao by the catalytic action of excoaa 

aanganeoe. Sooe natural antlouldoato aro vitoalno C ond E, glutathione 

and free radlcal-dlaooclatlng eaxyceo. 

(c) High alcohol lntohe. Tha cetoboltsa of ethanol libera too HjOj and 

free radicalo, and depleteo the liver of the antioxidant glutathione, 

(o) tow dietary colclua. Honganaoa can dloplaca colclua froo oarva 

endings ond henca dlorupt tha control oorvouo oyotea. Thia la core ltfcoly 

to happen tn an individual olth high aanganeoe ond lou colclua ototos. 

(e) Low tine stotun. Zinc protecto oulfhydryl ground (o.g.. glutathlaao) 

froo oxidation by Hj0j ond frae rodlcala. Theaa coapounda aro therefore 

sore susceptible to aanganeoe tonicity when sine lo daplated. 

.. Manganese In sweat ond urine 

Three Aboriginal brothero froa Angurugu, ono deaoed as oaverely 

affected by the Angurugu Sydroca, ono coderotely affected, ond ono 

unaffected, were brought to Sydney (or cedlcol teats, tn all three cases, 

the urine <<0.3-1.1 vghn/g creatinine) and sauna aweat (3-11 vgHn/L) were 

within the range found for Lucas Halghto controls. 

6. Chelation Theropy 

The three brothero ae'ntlonad obovo wore trooted at Prince Henry 

Hospital with colclua ethylenadloatnetetroocettc arid (EDTA) in an otteapt 

to teoove excess body aanganese. Or tno anolyoto o'howad, however, that 

after correction for the oanganeoa blank in the Co-EDTA, no aanganese was 

reaoved by the chelation therapy. 

7. flanganese In halt 

Hatr concentrates traca e leceota f roa blood supplying the ha i r 

f o l l i c l e , aad hence oanganeoa in ha i r ohould be an . ind icator of blood 

levelo of th is e leaent . In a d d i t i o n , olnce acalp hair grows ot ths rote of 

1 .0-1.J ca/aonth, changes along tho length of a bolr ohould be a record of 

changing blood concent ra t ion during that por tod . 

_Z]___3______&S__S3 w S acrowgw-tue. 
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thio Idool oituation lo coapllcated by cnternal contoalnatlon of tbe 

hair - froa duct, ohaapooo, ond hair treatcant which oay odd or oub tract 

elecento froa tha hair* Hanganeoa la ono of a group of eleoento known to 

lncreaae along the length of a holr oven when blood concentration of the 

alocsnt lo conotant, Thio woo bei loved to bo due to Inc reacted 

envlroaaentol anpooaro to tha aleaent ao tha hair grew, but our research 

hoo ohowo thot tha tneraaoe rooulto froa oweat alutloo. Sweat glando near 

tho holr root prodoco cwaot which trovolo op tha hair, dlooolvlng aanganeoe 

froa duot portlcloo on tha holr, and concentrating tbe eleaent towardo the 

tip of tha holr. Undar thaao conditiona, hair lo acting ao a wick or 

chromatographic column, uith sweat ao the aluont. Thio phenocsnon occurs 

only with thooe alecenta that foro llpld-ooluble complexes with sweat. To 

overcooe this exogenouo effect, o plot of aanganeoe concentration in washed 

holr vorooo length froo ocolp woo constructed for each hair saaple, and the 

graph extrapolated to zaro length. Thio "sero-length" aanganese 

concentration ohould repreaent the hair manganese unaffected by external 

factors. 

A sumaary of reculto lo ohown In Table 2. All Groote Eylandt 

Inhabitants had hair aanganese valuea higher than Sydney residents, 

probably os o result of a continuous, albeit low, intake of excess 

manganese. Aborigines had ouch higher manganese In hair than Caucasians, 

olthough there woo no otgnlfleant difference between affected and 

unaffected subjects. 

S. Manganese In Air and Voter 

Manganese tn air In Angurugu (average about 5 iigtln/n*) is 100 x the 

Sydney and European overage (Table 3). However, nanpanese In air would 

contribute only about 0,1 ag oonganeoe/day to the intake of an Angurugu 

resident, and no would be on insignificant percentage of total Intake 

unleso, of course, rooplrad aanganeoe lo particularly toxic. Hanganese In 

Angurugu air ts well below the occupational Halt of 200 pg/a . 

Hanganese in the village tapwater and the Angurugu River appears to 

vary seasonally, up to 10 x tbe Sydney and world average. However, 

aanganese froa this .source would amount to, at the most, 0.3 mgHn/day, and 

so would be Insignificant. Calcium In the Angurugu River (0.2 mg/L) was 

very low, only 0.01 x world average. 

9. Hanganese in Traditional Food Sources 

Some traditional ("bush tucker") food saaples were collected froa the 

Angurugu old village garden areas (used extensively before 1970) and 

analyzed for manganese (Table 4 ) . Some of the foods were exceptionally 

high In manganese, and contained 3-100 x the world average for these 

Items. A peeled yam, for example, had 660 ugMn/g (fresh weight), compared 

uith 5 MgHn/g In a Sydney carrot. On this basis, one 20-g yam would supply 

IJ mg of manganese, or 3 x the recommended dally allowance (RDA) of this 

element (4 mg). 

Rolled ("billy") tea extracts about 5 times the anount of aanganese 

from tea leaves as does brewed tea. One litre of billy tea would contain 

6-7 mg manganese. 

10. Manganese in Soils 

Soil samples In the old Angurugu garden areas (Table S) were 

exceptionally high In aanganese (up to 100 x world average) and very low in 

calcium (0.04 world average). Soil samples taken near Aboriginal houses In 

Angurugu were about 10 x world average In manganese. Umbakumba soil was 

very low in manganese, 

i1. Manganese In Organs of Experimental Animals 

Organs of animals captured near Angurugu varied considerably in 

raanganese content, but some were particularly high, e.g., thymus, adrenals, 

spleen, and the brain (Table 6 ) . 

12. Conclusions 

I nave reached the following preliminary conclusions from these 



1. Angurugu Aborigines have a high Intake of manganese, but the actual 

amount is very difficult to determine. Air and water contribute 

insignificantly to their totalMntake but, because of their "close to the 

earth" living, relatively poor hygiene, and the high aanganese content of 

Angurugu soils. Ingested aanganese may be considerable. 

2. Before the store was opened In 1970, Angurugu Aborigines used about 

SOZ "bush tucker" In their diet. This bush tucker consisted largely of 

vegetables and fruit grown in the garden area, which has extremely high 

soil aanganese. Their dietary aanganese from this source alone could 

easily have been 100*200 mg manganese/day (25-50 x RDA). At present, bush 

tucker constitutes only 10-202 of their diet, and may not be as significant 

as damper cooked In the earth and billy tea. 

3. There is no known way of measuring. In vivo, the total body burden of 

manganese. Blood and hair only Indicate manganese in readily exchangeable 

pools such as soft tissue, and chelation therapy appears to be 

ineffective. The availability ol autopsy samples would help considerably. 

4. Anenia, chronic infections, high alcohol intake, low dietary calciun, 

and lou zinc status are factors that, exacerbate manganese toxicity, and are 

commonly found in Angurugu Aborigines. 

5. Hair analysis suggests that Caucasians in Angurugu, and GEMCO workers, 

have a higher manganese Intake than non-exposed persons, but much less than 

thc Aborigines. 

1'i. Future Work 

I believe that the following work is necessary to clarify the question 

of excessive manganese exposure In Angurugu. 

1. Additional blood analysis. Although it is well established that blood 

manganese analyses indicate only very recent exposure, they may pinpoint 

individuals with a defective clearance mechanism and/or enhanced uptake 

mechanism. Every attempt should be made to collect cord blood and hair 
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manganese is concentrated across the placenta. Control cord blood samples 

would also have to be collected because little is known about the normal 

manganese concentration in cord blood. 

2. Autopsy samples can be rapidly and non-destructlvely analyzed by 

neutron activation analysis. As many as possible should be collected. 

3. An attempt should be made to estimate the bioavailability of aanganese 

in Angurugu soils. Standard procedures could be used for this. 

4. Hair analyses of people who have lived on Groote Eylandt and left 

should be carried out to determine If, and how rapidly, manganese In hair 

decreases when exposure to this element Is removed. If levels remain high, 

it may mean that hair can be used as Index of body burden of this element. 
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TAULt 1 DL.VA 

Subject 

CEMCO workers 

1 
2 
3 
4 
5 

6(F) 
7(F) 
8 

9(F) 
10 

Mn 

lig/L 

22.3 
6.0 

9.9 
9.1 
12.6 

10.7 
6.9 
6.3 
7.7 
6.3 

Fe 
-%r-

503 
454 

420 
407 
498 
364 
406 
495 

391 
448 

lib 
£/dL 

16.6 
15.5 
14.2 
14.9 

16.1 
13.3 
14.5 
16.8 

14.1 
15.9 

Ferritl 

Pg/--

233 
280 

124 
146 
165 
87 
158 
93 
53 
125 

2 . C a u c a s i a n s In Angurugu 

K F ) 
2 
3 ( F ) 
4 ( F ) 

3 . A f f e c t e d A b o r i g i n e s 

KF) 
2(F) 
3(F) 
4 

7(F)* 

Unaffected Aborigines 

KF) 

3( F) 
4 

5.3 
4.9 
8.8 
9.6 

38.7 
36.3 
15.7 
42.3 
42.1 
41.2 
9.3 

25.5 
9.9 
16. 8 
17.6 
24.9 

410 
413 
361 
35" 

13.8 
15.1 

12.1 
12.7 

331 
297 

350 

191 

11.3 
10.4 

11. -
8." 

381 13.1 

351 
472 
33-
45.' 

-
16.4 
12.3 
15.0 

110 
30 
67 

26 

5 

0.3 

11 

367 

354 
V-
90 

•Lived In Unbakunb.i for 15 years. 

TABLE 2 MANCANESE IN HAIR 

Subjects 

Sydney 

CEMCO workers 

Caucasians In Angurugu 

Unaffected aborigines 

Affected aborigines 

Mean 

Scalp* 

0.510.2 

2.2J0.8 

2.550.7 

15 15 

913 

manganese. ug/£ 

Publc 

1.310.5 

3.010.4 

7.914.1 

2115 

2317 

•Extrapolated to zero length. 

TABLE 3 MANCANESE IN AIR AND WATER 

Sample 

Tapwater, ugMn/L 4.3(8/85) 
70(1/87) 

Angurugu River. ugMn/L 27(8/85) 

97(1/87) 

Angurugu Sydney World Average 

5.8 

A i r . ugMn/ra 2 3 ( 3 n from road) 0 . 0 5 
1 . 2 ( 1 0 n from road) 

8 ( f o r r i v e r s ) 

0 . 0 4 ( E u r o p e a n ) 

TABLE 4 MANGANESE IN TRADITIONAL FOOD SOURCES 

COLLECTED FROM OLD GARDEN AREAS' 

Sample 

F i s h , Angurugu River 

O y s t e r s , Mud Cod Bay 

Yam, young 

Yam, old 

C i t r u s f r u i t 

Banana 

B i l l y t e a 

ugHn/g f r e s h w e i g h t 

Angurugu 

36 

0 . 2 5 

657 

484 

0 . 8 5 

79 

6.7 

Sydney 

0 . 3 

0 . 0 5 

5** 

5** 

0 . 3 

1.5 

-&•&»!> 

*U.'S. I n t a k e : range 2-9 ogMn/day, a e a n , 3 . 7 e g / d a y . 
**Root v e g e t a b l e s . 
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NEUROLOGICAL DISORDERS ON GROOTE EYLANDT 

Dr Charles Kilburn* 

Unusual and poorly explained neurological disorders affect between one and 
•wo percent of ihc Aboriginal population of Groote Eylandt. Congenital 
malformations and psychiatric disturbances have also been linked lo these 
Groote Eylandt syndromes (Cawte 1984) Rich manganese deposits in and 
around the main Aboriginal settlement of Angurugu have led to speculation 
about Ihe possible role of manganese in these disorders. 

For the past two years I have been resident on Groote Eylandt, employed by 
the University of New South Wales under a National Health and Medical 
Research Council grant to investigate these conditions. This research has 
been in conjunction with laboratory studies carried out by Dr Mark Florence 
of the C.S.I.R.O. at Lucas Heights Sydney, Dr William Webster at Sydney 
University and latterly Graham Hams at Prince of Wales Hospital Sydney. 
Professor John Cawte was responsible for instigating and coordinating this 
research. 

Firstly I would like to discuss some results pertaining to birth defects, then 
to describe the neurological illnesses and finally to discuss some recent 
blood manganese findings. 

In an effort to determine if there is an increase in congenital malformations 
I reviewed the birth records of all children born to Aboriginal parents 
resident on Groote Eylandt from the first of January 1975 till the first of 
January 1985. This cohort was also physically examined as part of a 
population survey. Another Aboriginal community was studied in the same 
way as a control group. There was no significant difference in either the 
incidence or the spectrum of of congenital malformations found. The 
incidence of stillbirths was also studied with the rationale that stillbirths 
may represent the severe end of a spec!:--*. c< ;>_i,_iLgenic eflects. These 
statistics were obtained retrospectively Irom local health centre records 
and community census information. Data were cross checked against 
hospital records. While cross checking is not fully completed, the incidence 
of Groote Eylandt stillbirths, 12 in a total of 286 births both live and 
stillborn, is not significantly higher than the 19 in a total of 579 of the 
control grc-jp. The general health status of these two communities was 
comparable, as evidenced by similar infant mortality rates (40 per 1000 
Groote Eylandt; 39 per 1000 control). This shouid control for the effects of 
general health on the incidence of stillbirths and congenital malformations. 

Next I wculd like to describe the neurological illnesses unusual to Groote 
Eyiandt. My enquiry into the neurological status of the Groote Eylandt 
Aborigines lias proceeded along two lines: an examination of affected 
individuals and a comprehensive survey ol the childhood population. 

•Senior Research Officer, School of Psychiatry, University of New South 
Wales. 

Aboriginal children born since 1/1/75 have been neurodevelopmenully 
assessed coincident with the community survey for birth defects. Since the 
Groote Eylandt Aborigines are in many respects still tribal and have had 
limited contact with the outside world until relatively recently, any 
discussion of these results requires a socially and culturally appropriate 
control group study for comparison. I have jusl finished an examination of 
such a control group but have not completed analysing the data. Therefore I 
will confine myself to a description of affected individuals. 

Informants drawn from bolh Aboriginal and European sections of the 
community.were asked lo list people with problems of weakness, gait, 
coordination and ocular movements. These arc the major manifestations of 
the Groote Eylandt disorder being studied. After physical examination and 
study of their medical records those individuals whose disorders were 
explicable by other diagnoses (e.g. cerebrovascular accident, cerebral palsy, 
trauma, etc) were eliminated. This left a group of patients most of whom 
segregated readily into two clinical syndromes. This group includes most of 
the patients described by Kiloh el al 1980). 

One patient, an Angurugu inhabitant who earlier described the onset and 
progression of his symptoms, exemplifies one of these groups of cases. This 
group, characterised by ataxia and oculomotor disturbances, falls into the 
clinical grouping of spinocerebellar degenerations. Five individuals are 
currently affected by this disorder, four of them sharing one father. The 
other case is unrelated and currently lives at Numbulwar though he spent his 
school days and early working life on Groote Eylandt. The onset of symptoms 
is insidious and occurs in the fourth or fifth decade. Unsteadiness is the usual 
presenting complaint. Gait is ataxic and wide based, with arms outstretched 
seeking furniture or walls for support. When turning, staggering is 
prominent. Other signs of cerebellar dysfunction are present including 
incoordination, dysmetria, intention tremor and dysdiadochokinesis of bolh 
upper and lower limbs. Nystagmus, both at rest and on upward gaze, is' 
present in the four more severely affected individuals, as is limitation of 
upward gaze. Convergent gaze is diminished in all cases. 

The second syndrome is characterised by. muscle wasting and weakness. 
Clinically it is a form of motor neurone disease, with a prenatal or at least 
early childhood onset. Weakness and wasting is predominantly distal and 
affects the lower limbs more than the upper. Muscle tone is generally low. 
although two of the older and more severely affected cases have increased 
extensor tone in the lower limbs. Deep tendon reflexes are brisk in most 
cases, especially in (he lower limbs. Even in those cases with profound 
weakness and wasting, reflexes are generally surprisingly spared. Foot 
deformity (talipes equinovarus and/or pes planus) is universal and often 
noted at birth, strongly suggesting a prenatal onset. Spinal deformity 
(kyphosis or kyphoscoliosis) is also present in all but the most mildly 
affected. Striking laxity of (he ligaments and small joint hyperextensibilily is 
a prominent feature in most cases, demonstrated by spontaneous swan neck 
deformities of (he fingers on extension and passive extension through > 100 
degrees at the metacarpophalangeal joints. This suggestion of connective 
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tissue disorder is supported by a curious soil, almost plasticene-like skin 
texture and mild skin hyperextensibility, bui without evidence of abnormal 
scarring or easy bruising. Some of those affected with this syndrome are the 
children or grandchildren of individuals with spinocerebellar degeneration. 
The others with this syndrome are unrelated to anyone with spinocerebellar 
signs but can be grouped into a separate extended family pedigree. The 
inheritance shows a familial clustering but does not comply with a 
Mendelian pattern (Figure 1). 

FIGURE I. 
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A. Condensed pedigree of family I. 
II. Condensed pedigree of family 2. 
Enclosed numerals represent numbers of offspring. 
In II. "\V" with subscript indicates wife number. None of the progeny of the 

offspring of wives 3. 4 or 7 are affected and ;••? have been omitted. 

Q Unaffected mole O Unaffected female 

(oS$Cese with amyotrophic syndrome 

<Z__5 Case with ataxic syndrome 

r) Unclassified neurological disorder 

3 9 -

Thcse two syndromes are linked by one pedigree which includes cases of 
both types, and an overflow of .clinical manifestations between the two 
syndromes. One case, now deceased, presented a fusion of the features of 
both syndromes. 

Finally I would like to discuss some recent blood manganese results. Earlier 
efforts at estimating manganese status of the Angurugu population had 
concentrated on analysis of scalp hair. This was because we hoped scalp 
hair may have provided a way of looking al more than just immediate 
manganese exposure. Serum manganese estimations are not only technically 
difficult, as evidenced by the wide range of normal values quoted in the 
literature (Halls and Fell 1981), but together with whole blood levels are 
also said to be of no value in diagnosis of manganese toxicity. As Dr. 
Florence has indicated, scalp hair manganese assays were increased 
amongst Angurugu inhabitants, but probably were still only representative 
of the rapidly turned over pool of manganese. 

In November 1985, three brothers from Angurugu were transferred to Prince 
Henry Hospital, Sydney, for neurological investigations. Two were affected 
with the spinocerebellar disease and the other was a normal sibling. As a 
new assay for whole blood manganese had recently been developed at Prince 
of Wales Hospital, blood was collected from all three brothers. The results 
showed that the two affected cases had elevated whole blood manganese 
levels (640, 630nMol/L) while their unaffected brother had a normal level 
(390nMol/L). On receipt of these results blood was collected from a further 
five people affected by the motor neurone type syndrome and. from four 
unaffected Angurugu Aborigines. The unaffected people were selected from a 
group who had had hair samples analysed and were two individuals with high 
hair manganese levels and two with normal to low levels (for Angurugu). 
Blood was also collected from a total of fourteen non Aboriginals, four 
resident at Angurugu and ten employees of Groote Eylandt Mining Company 
living at Alyangula. Including the results of the three brothers tested in 
Sydney a total of twenty six specimens have been analysed for blood 

' manganese (Tables'1 and 2). 

Analysis of these results shows that gross elevation of whole blood 
manganese levels is confined to Aboriginal residents of Angurugu who have 
neurological disease. Five of the seven cases with neurological disease 
tested show this elevation of whole blood manganese. None of the five 
unaffected Aborigines from Angurugu have high blood manganese. Although 
these numbers are too small to draw firm conclusions and the control group 
was not selected totally at random, there is a strong suggestion of an 
association between elevated blood manganese levels and the neurological 
disorder. This must be of concern, panicularly as manganese is a recognised 
neurotoxin. While the neurological disorders found on Groote Eylandt do not 
correspond exactly with that classically described in manganese miners, the 
similarities are apparent. Yase (1972) found elevated manganese levels in 
spinal cord tissue taken from ALS patients from Guam and the Kii peninsular 



in Japan, where high levels of this metal are present in soil and water. 
Recent studies have also found an increase in manganese levels in the spinal 
cords of patients dying with motor neurone disease (Miyata ef af 1983 and 
Mitchell ef af 1986). 

TABLE 1. 
Results of whole blood manganese analysis.of Angurugu Aboriginals 

Sample*. . 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Blood manganese Sex 
(nMol/L) 

640 
630 
710 
6 6 0 
170 
285 
770 
465 
180 
305 
320 
390 

male 
male 

female 
female 
female 
female 

male 
female 

male 
female 

male 
male 

Status 

spinocerebellar 
spinocerebellar 
motor neurone 
motor neurone 
motor neurone 
motor neurone 
motor neurone 

unaffected 
unaffected 
unaffected 
unaffected 
unaffected 

TABLE 2. 
Results of whole blood manganese analysis.of Non-Aboriginal residents of 
Groote Eylandt. 
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*.f=r-tj 

,55£=i 

sig 
Vrss^q 
r-™^ 

\'-£z^< 

//Z/cTx 

t 

'J. 
c£v* s ^ S I ^ S l ^ s S n 

Sample* 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
K 

Blood manganese Sex 
(nMol/L) 

160 
175 
105 
90 
405 
110 
180 
165 
230 
195 
125 
115 
140 
115 

female 
female 
female 

male 
male 
male 
male 
male 
male 

female 
female 

male 
female 

male 

Residence 

• Angurugu 
Angurugu 
Angurugu 
Angurugu 
Alyangula 
Alyangula 
Alyangula 
Alyangula 
Alyangula 
Alyangula 
Alyangula 
Alyangula 
Alyangula 
Alyangula 

It is unlikely that the elevated manganese levels found in neurologically 
alfecled cases .is directly causal, as whole blood manganese probably 
rellecls only very recent exposure. However it may be a marker of an 
abnormality in manganese metabolism which could predispose to manganese 
accumulation. II this is so, it should allow identification of those at risk. 
Another interesting observation is that even unaffected Aborigines living at 
Angurugu have higher blood manganese levels than Europeans living at either 
Angurugu or Alyangula. This suggests that some factor related to 
Aboriginality or an Aboriginal lifestyle predisposes to an accumulation of 
manganese in whole blood. 

In summary I could demonstrate no evidence of increased congenital 
malformations or stillbirths occurring on Groote Eylandt when compared to 
another Aboriginal community of similar health status. There is however a 
strong suggestion of an association between elevated blood manganese 
levels and neurological disease. This must be cause for concern, particularly 
in view of the known neurotoxic potential of manganese. I am about to 
conduct a case control study in an attempt to clarify this apparent 
association. 

Cawte J. (I9R4) Ernie accounts of a mystery illness: The Groote Eylandt 
syndrome. Australian and New Zealand Journal of Psychiatry 18; 179-187. 

Kiloh L.G.. Lethlean A.K.. Morgan G.. Cawte J.E. and Harris M. (1980) An 
endemic neurological disorder in tribal Australian Aborigines. Journal of 
Neurology. Neurosurgery, and Psychiatry 43; 661- 668. 

Yase Y. (1972) The pathogenesis of amyotrophic lateral sclerosis. Lancet 2; 
..92-296. 

Halls D.J and Fell G.S. (1981) Determination of manganese in serum and urine 
hy electrochemical atomic absorption spectrometry. Anyalytica Chimica 
Acta 129; 205-211.' 
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A nugget of manganese ore in the form of pisollths, 
obtained in the village 
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WHAT ONE PATIENT TAUGHT ONE EPIDEMIOLOGIST 

Professor John Cawte 

What is epidemiology? 

Epidemiology, according to my Webster's dictionary, is 1: a science 

that deals with the incidence, distribution and control of disease in a 

population (as of animals or plants); 2: the sum of the factors controlling 

thc presence or absence of a disease or pathogen; 3: the ecology of a 

disease or pathogen. 

For the mental health epidemiologist such as I, none of these 

definitions is really adequate. We can't study what are generally called 

diseases, though some of us give patients classifications that sound like 

diseases, such as mania, depression and schizophrenia. Most members of 

my profession consider this too narrow an outlook. When we study patients 

wc look successively at a range of processes in the mental life, in the 

body, in personal relationships, and in the physical environment. We call 

our viewpoint holistic, rather than categorical. 1 teach students what 

I'd call "perignosis" rather than "diagnosis". That's what psychiatry is 

about. 

Our work is complicated and time-consuming, and we are easily 

criticised by epidemiologists who want to ask more specific questions than 

psychiatrists usually ask, making the human problem more simple. It would 

be pleasant if it were! I learned psychiatric epidemiology in part from 

a famed Canadian teacher at Harvard in'the 19St Alexander Leighton, 

who developed those historic studies of what he caned "The Character of 

O.iniier" of a Nova Scotia community vhich he named Stirling County, ond 

another he called by its correct name Hidtowr. Manhattan. Some of his 

techniques can be found in my own book on this subject dealing with 

Australian tribal people, entitled Cruel, Poor and Brutal /rations (1972). 

Thi< is thc name that the Dutch explorer, Jan Carstens, gave to the folk 

of Mornington Island, south-east of Groote Eylandt. For today's purposes 

1 only wish I had studied "The character of danger" at Groote Eylandt. Ke 
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should then be further ahead. 1 mention this work to show that I studied 

mental health.epidemiology among tribal people, and that it is a different 

problem from what many more urban epidemiologists imagine. For a start, 

you have to bc something of a linguist, an anthropologist, as well as an 

effective doctor, who wins their confidence through his relief of their 

sufferings. One must therefore smile, a little sadly, when experts who 

do not attempt these skills tell us from an office how to run our business. 

We have worked on Groote Eylandt too briefly. For me it's mainly 

on vacations. The first thing 1 learned about this disease complex that 

affects them is that you can't classify it easily. It's not clearly 

spelled out nor defined in any of the books that I have read. I decided 

that I had to start with a single patient, offer a continuing relationship, 

earn his cooperation and then put together all the facts one could learn 

in those four domains in which he lived : his mind, his body, his society 

and his environment. Any of the four might help, none could bc disregarded. 

Some facts fade and others grow bolder as time rolls by. 

The single patient who has helped mc most in defining this 

unusual problem has been kind enough to come here to this meeting today 

for you to meet him and hear his tale of illness. He has let me run some 

tests and trials to define his illness. I shall tell you about these tests, 

made in the hope that they will clarify. In doing this, he has shown 

courage, hope, persistence and cooperation - all Stirling values in his 

make-up as a man. His English, and rapport with me is good, partly because 

he had training as a motor mechanic in Adelaide. He welcomes our team to 

Groote Eylandt not just for himself, but because of his concern for the 

future of his family and the other persons affected. There is a nobility 

about his suffering that deserves some recognition and esteem. 

This man is 45 and has been increasingly affected for about 10 

years. We shall not go into details of his symptoms here, as we have 

reported then several times in the literature. Neurologically, he is 

affected by an upper motor neurone disease - A.L.S., causing stiff movements, 

and by oculomotor disease causing poor vision and distance judgment, and 

by cerebellar disease causing poor balance and a wobbly gait on widely-

spaced feet. He cannot walk backwards; he would fall. In addition to 

hi» spino-cerebellar disease, some judges would note signs of bulbar 

1 

palsy. We have neurological test findings that confirm these obvious 

signs and symptoms but this is not the place to detail them. 

He has been admitted to my hospital in Sydney, which locals call 

Thc Coast, on several occasions. Firstly he came with a group of other 

patients with similar conditions. Then he came with his wife and 

children, whom we lodged in the hospital's "motel" near the chapel, 

overlooking beautiful Little Bay and our own private beach surrounded by 

cliffs. Last November he came with two full brothers, an older one 55 and 

a younger one 35. The older is also affected but the younger is not. 

At weekends the four of us usually went driving - for example down the 

South Coast to see our old missionary friend, Mary Eves. So much for 

his inpatient status. 

Let me indicate the various findings which he was the first 

patient to reveal. The same tests and studies might be offered to other 

patients. I cannot accept the criticism that Or Kilburn and 1 have 

failed to carry out all these tests on everyone. Give us the time and 

thc staff, and wc will. When we have done all that, maybe we can conduct 

epidemiology in the sense our critics suggest. 

HIGH BLOOD MANGANESE LEVELS 

This patient was the first of the cohort to show a high level of 

manganese in thc blood. Last November his level was found to be 64U nanomols 

(n molsj. Mr Graham Hams today discusses the atomic absorption spectro

metry he uses for trace elements in the Clinical Chemistry Department of 

the Prince of Wales Hospital at Randwick. At the same time, the level of 

brother "Senior" with a similar but milder neurological syndrome was found 

to be 650 namomols. I once freed "Senior" of a police charge of being drunk 

in a vehicle. I wrote a letter indicating that his staggering at that 

time was, in my opinion, probably due to this neurological disorder. Thc 

blood manganese level of young brother "Junior", who is unaffected, is 

much lower, at 520 nanamols. 

But all these levels surprised us. The literature did not suggest 

they would bc found. It has two half-lives, both fairly short, as Or 

Florence tells us, and blood manganese only suggests recent exposure. 

Or Kilburn conducted further blood tests in the vicinity, with similar 

findings in most of the neurologically affected patients, though normal 



in others, including some Europeans. He will conduct more, at the 

Community's request, when he has time. Mr Graham Hams in Prince of 

Wales Chemistry is waiting for the samples. 

Two neurological ly affected subjects who live at Umbakumba do 

not show high levels of blood manganese. Apart from current non-exposure 

(the metal is not ambient there) I don't know how to explain it. 

Perhaps it is lack of exposure to manganese latterly? Perhaps it's a 

difference in susceptibility? - metabolic? - nutritional? - Family? 

- Other? He don't know. But look at my tables, 1 and 2. 

Table 1 

Manganese found in whole blood in 26 individuals at three townships of 
Groote Eylandt 

(Note: initials have been coded to protect identity) 

Aborigines in 
Angurugu 

Caucasians in 
Angurugu 

Aborigines in 
Umbakumba 

Caucasians in 
Alyangula 

Initials 

I.M. 
L.M. 
T.H. 
S.N. 
S.B.N. 
Q.S. 
H.X. 
T.N. 
U.M. 
W.M. 

M.L. 
D.L. 
K.X. 
M.E. 

E.C. 
N.C. 

U.U. 
B.X. 
CK. 
K.O. 
H.B. 
E.O. 
M.C. 
N.U. 
L.X. 
E.T. 

Age 

Adult 
Adult 
Adult 
Adult 
Adult 
Infant 
Adult 
Adult 
Adult 
Child 

Adult 
Adult 
Adult 
Adult 

Adult 
Adult 

Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 

CNS 
Disease 

Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 

No 
No 
No 
No 

Yes 
Yes 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Blood Mn. 
n mol/1 

630 
640 
390 
710 
660 
465 
180 
30S 
320 
770 

10S 
90 
160 
17S 

285 
170 

405* 

110 
180 
165 
230 
195 
12S 
US 
140 
115 

Note: Trace metal chemists have advised us of two reference ranges 
this metal: 100-350 n mol/L, and 100-500 n mol/L. 
0 This surprisingiy high level, in an apparently well person, was 
replicated and found to be very similar on the second test. 

Table 2 

The time incidence of disorder of movement (limb weakness, cerebellar 
and eye movements and connective tissue disease) on Groote Eylandt, 

1945 - 1985 

Casi 
No 

Pedigree 

CHELATION 

Year 
of 
Birth 

1982 

1977 

1975 

1972 

1968 

1962 

1961 

1960 

1958 

1956 

1945 

1943 

194C 

1933 

1939 

1935 

Sex 

p. 

H 

M 

F 

F 

F 

F 

M 

M 

F 

F 

M 

w 

:••• 

7 

F 

Onset 

Child 

Child 

Child 

Child 

Child 

Child 

Child 

Child 

Adol 

Child 

Adol 

Adult 

Adult 

?Child 

Adult 

Adult 

Weakne: 

+++ 

+++ 

+ 

+•• 

+++/++ 

**/* 
+-*•• 

+ 

++ 

••/• 

++ 

+ 

+ 

•+ 

•++ 

+ 

Ocular Connective 
Move- ' Tissue 
ments Disease 

Our tricMid here is also thc first patient whom I tried to chelate. 

Vinny metals, of which lead is perhaps best known, can be removed from the 

:v-jy by administering substances which have an affinity for them, and are 

tr.cn excreted. I could have chosen penicillamine as chelating agent, but 

.Tire:- ;i study of the literature I.chose calcium vcrsenate or Ca:EDTA. 

Here is a summary fro- his hospital discharge summary of 3rd 

I'c-ccmbcr, 198b: 

Other investigations were- undertaken in conjunction 
with Dr Mark Florence cf CSIF.O. They included treatment, 
with intravenous calciur. EDT.-. ir. an attempt to boost 
manganese excreticr. ir. tne urir.c. Results indicate-
that this indeed does promote manganese excretion and 
nay have o place in prophylaxis of this condition 
for yount; Groote Eylandters. 
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Unfortunately for this hypothesis, Dr Florence later reported 

that the agent calcium EDTA itself may have been suspect of containing 

trace contents of manganese. Next time I shall get thc agent tested by 

him beforehand, or use penicillamine. It should bc noted, too, that 

Dr George Cotiias, the American investigator, found that chelation, 

even if it is valid, may offer little clinical comfort to established 

(chronic) sufferers. 

CARBIDOPA ADMINISTRATION 

He is also the only patient to have had Carbidopa, a form of 

L-Oopa. The substance was first given by this American, Dr George Cotzias 

in 1968 to affected manganese miners in Chile. It is still given to 

patients affected there by motor neurone disease, as it reduces their 

symptoms through its action on the neuro-hormona1 profile. More recently 

(Guidice, 1986) found it to help rigidity and spasticity patients after 

head injury - voice and movement. They benefit from increased dopatitin»_rg_c 

function and improve in consciousness. (Mary Ann Guidice is a Detroit 

neurologist). Dramatic advances were made in neuropsychiatry in the 1960s 

from improved knowledge of the neurotransmitters. In more recent times. 

increasing attention is given to the trace element.., especially manganese. 

in the production of catecholamines. 

We did not then know that he had a high blood level of manganese, 

though we knew that he had a high hair level, through Dr Florence of CSIRO. 

I gave him Sinemet tablets containing Levodopa 250 mg and Carbidopa 2S mg. 

I made videotapes of his walking before* during, one week after, and two 

weeks after these treatments. I named the films "Red", "Blue" and "White" 

respectively, corresponding to the colour of his jackets. I convened a 

group of qualified neurological and psychological colleagues to appraise 

the performance on 10 parameters. These judges were not told of his 

condition, nor its treatment. "After treatment" scores showed great 

improvement. T tests showed p<.001. I shall now show you these films: 

see for yourself. 

After Sinemet he walked faster and recovered his balance quicker 

after lurching. 

After the first tape the patient was given a low dose of Sinemet, 

which was gradually increased over the next few weeks to a maximal dose 

of j-| tabs q.i.d. The further two tapes were taken in the same setting, 

at weekly intervals. The patient felt improved, saying that his joints 

were less weak. He walked with less falling. 

In my view there was also an improvement in his mental state. He 

was quicker in speech and thought. There was a lifting in mood, 

conversation and activity, with more attention and more smiling. 

Wc discontinued Carbidopa treatment after he returned home, 

believing that he was again exposed to manganese. As well, this is not 

an easy treatment to supervise. Raising the dopamine by this means may 

deplete amino acids methionine and cystine, which should be supervised. 

Also, when this treatment is given for those affected by manganese, it 

is not usually given to those with structural damage, but only to more 

acute cases. This is the recommendation made by the WHO Health Criteria, 

anvway. . . 

At least wc studied how he responded to these two recommended 

approaches, chelation and L-Dopa. Manganese-exposed patients should be 

removed from thc site of exposure. It might have seemed wise to most 

observers to suggest that he, and other neurologically affected patients, 

move to an unexposed site. Alas, for him it is HOME! We shall consider 

this problem later today. 

Meanwhile, this single patient compelled us to study whatever was 

known about thc role of manganese in health. For this we thank him. As 

suggested, possibly the best library source used to be IPCS - International 

Program on Chemical Safety, Environmental Health Criteria 17. MANGANESE, 

K.II.O. Geneva, 1981. Its contents might be indicated here, for those 

interested. It extends over 100 pages, including references. Other 

good sources will be cited in References. 
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The Macassan beard copied from early visitors. 

SOME CAUTIONS ON THE USE OF 

ETHNOGRAPHIC EVIDENCE IN REDICAL RESEARCH 

David Turner, Professor of Anthropology 
University of Toronto 

One of the current theories of the cause of the Groote Eylandt 

Sjrndrooe is that it aas triggered by o breakdown in the traditional 

Aboriginal carriage systea. That is, it is a biological consequence 

of too close carriages or inbreeding. Indeed, in his article "Eaic 

Accounts of a Mystery Illness" in tbe Australian and Hea Zealand Journal 

of Psychiotry (1984, Vol.18:179-87) Or John Caute reports that such an 

association uos node by the Aboriginal people theaselves: 

My inforaanta aalntoln in offset that uhon tho ttinohlp and 
aaztiaqe systea based on gerontocracy and polygaay woo 
abandoned precipitoualy, in favour of tho codern oyotoa of 
conogaay, the 'bird disease' ecsrqed around tho oaae tics 
(p.185). 

Marriages had, in fact, taken place which Here "too close". It 

would be all too easy to see in this evidence of Aboriginal auoreness 

nl" a relationship between inbreeding and illnesses like the Groote Eylandt 

Syndrome, and Caute correctly cautions against doing so. The "too close" 

aarnages in question are teroed uarnlgarengbldja and refer to a situation 

in which the oother of the uooan is in the snoe clan and generation as 

thc father of the oan (father and son are aluoys in the saae clan). 

Next to currying uithin one's own clan and "side" (or grouping of clans 

of which there are four, further grouped into tao), the closest carriage 

from the Aboriginal point of vieu is a oarnlgarcnbidjo one in which the 

Ban's father and the uoaan's oother hove the saae clan alliance histories, 

that is, arc actual brother and sister. There is no evidence of any 

intra-clan or intri-"side" carriages uithin genealogical aeoory. As for 

the evidence of ttarnicarangbidj-t carriages, betueen about 194S and 1969 

the Aboriginal people allowed sin such carriages to occur though none 

so close that the pan's father and the uoaan's oother uere actual brother 

and sister. However, as I report in ay book Tradition and Transformation 

(Canberra: Australian Institute of Aboriginal Studies, 1974), "this 

decision was reversed and none of the ten carriages contracted since 

then (1969) falls within the prohibited category" (p.63). 

a. ^^s^mmr^^^^s-'-



That was in 1969 ond it is now 1987. I have just coapleted a 

statistical analysis of the relationship systea of the Groote Eylandt 

people, utilizing o computer sloulatlon and based on data gathered in 

1941, 19SJ, 1969 and 1986. It reveals that there has been no significant 

change In the social structure over this period. That is, clan 

affiliation and the rules of association between clans - Including the 

rules of dorrlogs - determine relationships and the teros by which 

people refer to one another to the saae extent in 1986 as they did in 

the earlier periods, t havo also recorded all carriages contracted 

since 1969 and the degree of "closeness" involved in theo. Since I 

only coapleted this task tast Sunday, I have not yet had tiae to fully 

analyse these data. However, it is evident that core aarnigarangbidja 

carriages have occurred since 1969 but they constitute only o saall 

percentage af the total carriages contracted. 

At aost, saae 22 af 18S carriages, ar 12% fall into the 

vomlgarangbldja category. The oojority seea to be located at Uobakuoba 

and are concentrated in one clan there. There Is no Incidence of the 

Groote Eylandt Syndrooe in this clan. In fact, af the 16 recorded 

cases of this illness, nono of those afflicted had parents in a uarni-

gar-mgbidja relationship. 

Hhllo it is true that the "bird disease" eoerged just after the 

first cohort of warn_.90rangt1id.Ja carriages took place, there Is no 

basis for drawing a causal connection here. Groote Eylandt Aboriginal 

people also associate the appearance of tho illness uith the cocaence-

aent of olning and it would be preaature to draw any Inferences between 

cause and effect here too. What Aboriginal people are doing is what 

any good scientist uould do: foroulote a nuaber of testable hypotheses. 

In his paper. Or Caute reported that sooe of his inforoants 

said that they believed the Illness both "ran in faailles" and cane 

froa the environoent. 

tfhat Aboriginal people aean by "runs in faailles" is not the 

sane as what ue oean or take thea to aean. They aean they observe the 

fact that the disease Is found aore in soae clans than others and is 

transoitted through the father all right, but not in the sense of 

biological inheritance. I ea not at liberty to say core about this. 

I uould also like to caution on the use of ethnographic evidence 

relating to the presumed consequences of "too close marriages". For 

instance, "too close" marriages are believed to produce deformed off

spring; a whole clan is said to have married within itself in the 

past and to have produced physically deformed children. But anthropology 

has shown that such stories are more imaginative constructs designed to 

convince members to obey the rules than statements of observed fact. To 

be taken as fact they oust be statistically validated. 

My statistics on aarnigaranbidja oarriage and the Groote Eylandt 

Syndrome show there is little basis for oaking an association between 

"closeness" and "deformity". 

On the question of factual caterial relating to marriage practices 

and the Syndrome, it is worth noting that the tuo clans most affected 

by the disease - the Lalara and the Bars - never intermarry and have 

not done so uithin genealogical cecory. Neither are indigenous to 

Groote, the Bara originating on Bickerton Island and the Lalara on 

Bickerton and before that on the adjacent mainland. Having taken up land 

in the north-western and central-western parts of Groote Eylandt respect

ively when they arrived here, however, they have been in the most 

prolonged contact with the most manganese afflicted parts of the island. 

I hope these comments will prove of some use in further research 

into this illness and that a means of alleviating the symptoms and 

preventing its occurrence will soon be found. 

It is well to remind the participants that as the medical debate 

over cause and effect in relation to the Groote Eylandt Syndrome goes on, 

and will go on, people are dying from this illness. Or Cawte and his 

colleagues' researches have now given us some basis on which to process 

to stop this from happening. 
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ANGURUGU SYNDROMES: 
Should the Community consider relocation? If not, under which circumstances 

might it be safe to remain? 

Interim suggestions from the Director of the Research Program: 

Professor John Cawte 

Our friend Damiya, senior of the female health workers 
at Angurugu. 

Workers in industries exposed to the substance manganese in high 

ambience are removed from further exposure right away, as soon as possible 

effects of toxicity are suspected. 

Should the Angurugu Community Council consider this response? 

Much will depend on medical and chemical advice of the kind presented at 

this meeting. Some of our neurological sufferers are shown to have levels 

of blood manganese, and local topsoil and edible species are exceptionally 

infiltrated with high manganese levels. 

Further research is being carried out to find if it will provide 

more guidance for the Community to decide, fn my discussions with the 

Community over thc years I have always emphasised possible toxic effects 

of living at a mangancsed site. Relocation has not yet been closely 

considered, so far as I know, by any of the parties concerned - Community, 

Health Department, or Mining Community. All say in effect, "Do more 

research, Dr Cawte!" 

It has, however, been suggested to me that two group of residents 

might wish to consider relocating from this site: 

1. Those known to be ill, and showing manganese exposure by blood 

tests. 'Only a minority have suggested this. Angurugu is HOME 

to the affected people, who are chiefly in the Lalara and Bara 

clans. All I have spoken to want to stay - just as I stayed as 

a child at Port Pirie, S.A. where, at that time, the air was often 

infiltrated by lead from the local smelters. We all breathed it 

and hoped. 

2. Those who might fear, after study of the facts, that there might 

be a problem about breeding children, bringing them up and generally 

iving in this manganic environment 



This second group, outside known patients and their families, would 

consist of islanders who have examined thc health problems of living ir. 

an area of manganese exposure and consider th:it living at Angurugu may 

expose them to some risk. As indicated c;irlier, thc most convenient ;i:tj 

jcccssiblc account ot" the effects oi exposure to manganese in thc 

^environment for them may be .".' V : l-.ztmtiticiai I'roqrcm an Jherri^nl 

Safety. Environmental Health .>iti*v.: ."'. "zngenase. •••'orld Health 

'•rganisazion, Caneva, :931. Who is likely to read this? 

Some scholars feel that W.H.O., in a 1981 summary, is already a 

tittle out of date. Knowledge and testing have been gathered since then 

on the environmental health problem; ve have learned much more about 

the residents and environment of Angurugu in our own studies and we arc 

hearing about it today. 

A few people have suggested that they might choose to relocate for 

other reasons to set up a homeland community. They were interested in 

the challenge of selecting a good place to live with fresh water, 

safe soil, nearer to the sea for fishinp, and then make good homes, roads, 

schools and services away fron hazards such as habits of alcohol overuse 

and thc sniffing of petrol. They said they can plan all this, with th? 

experience of what can go wrong if it is unwisely planned. 

I have usually replied when asked, that this sounds like very hard 

work. But many people benefit from hard work. There are usually enough 

good Aboriginal leaders able to inspire it in a challenge of this kind. 

It has to be the people*s choice. 

Talking at Angurugu, 1 have maintained since the first health 

conference at the Department of Health in Darwin in .December 1983, that 

their Community home may not be safe for all living there even if for 

most people it is all right. In those days I lacked the knowledge of 

high manganese levels in thc blood of some affected persons, and in the 

garden soil and edible species provided now by CSIRO. 

In 1984, I thought I should suggest my concern to the Department 

of Aboriginal Affairs. 1 told them that the Community had asked my 

advice on their unusual illnesses, which have been called "Groote Eylandt" 

or "Angurugu" disorders. I reported that recent research literature was 

telling us that manganese exposure had toxic effects previously not 

recognised nor suspected. In brief, it is found to affect the nervous 

systen, the developoent of the enbryo, and the iannme system, notably 

the defence against viral infection. 

I said that I suspected that under these circumstances, some 

people, including unborn children, night be susceptible. 

I did not want this view to be made prematurely public, because 

it uould be challenged from all sides. The ensuing controversy could 

have profound iaplications for the Community and no doubt for many others, 

including the Dining company, and the government, since the RAAF had caused 

the Community to relocate itself at this new site during the war. 

I adaitted then to the Departaent of Aboriginal Affairs that I 

could be quite wrong but I hoped,' trith its assistance, that a research 

grant might soon be forthcoming from the NH and MRC. 

My natural concern expressed in this letter may have done some 

good, I think, because I did get some funding, and in the end our field 

researcher, Dr Charles Kilburn, began his work in the Community. 

In today's Darwin gathering, in sharing what has been learned in 

more recent times, we have heard many minor items, and perhaps two major 

ones. 

The first major item is the discovery of high levels of manganese 

in the blood of two neurologically affected brothers who were studied in 

my Sydney hospital last November. The chemist, Graham Hams, here today, 

talked about this test. He carried out similar identifications of high 

levels of blood manganese in several other.neurologically affected 

patients whose bloods Dr Kilburn sen; him early this year, he would like 

to have a much larger cover with these tests, but we did not think it 

fair to defer this meeting until we had them all. 

The second major item is very high levels of manganese in the 

ambience at Angurugu, determined by Mark Florence, whose help we enlisted 

from CSIRO a few years ago. In addition, Mark found high levels of 

manganese in bush tucker that he collected locally, especially from the 

garden. He also determined another striking chemical factor, one which 

Dr John Hargrave and I already knew about - very low calcium. We shall 

have to decide if that is also relevant to health at Angurugu. 

^AfTVrt^^^Mi:i-\^^i''-^^i.i'.»-.«.'<i 8. II 
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We have already told much of this tale to Mr Murabuda and his 

friends at Angurugu Council. I told Or Keith Fleming, Professor John 

Mathews, Dr John Hargrave, Dr Cordon White, Dr Denis Stanbury and 

others. Finally, the Minister for Aborig inal Affairs, Mr Clyde Holding, 

invited me to Parliament House, Canberra to tell him what was going on. 

He suggested that I should report recent findings in the literature. 

At the suggestion of Professor Fred Hollows, who works in my 

university, I chose to write a letter to the Editor of The Lancet. This 

is a fairly standard procedure in medical reports of new findings. My 

draft letter set going a train of responses, some helpful, a few indignant. 

I sent the draft to colleagues, like Dr Keith Fleming, Dr Robert Hart, 

Prof John Mathews and many others. 

I made a personal trip, at a very busy clinical time, to Melbourne 

to see Dr Hart and his colleagues at BHP House, asking for ideas. They 

offered several responses, which I accepted, such as omitting from the 

letter to The Lancet the term "mang-lnism" in favour of "high blood 

manganese", and omitting the name of the mining company. 

Back in Sydney, I started to compose a telegram to the editor of 

The Lancet requesting these changes. Then I noticed galley proofs of my 

letter already on my desk. They had been delayed in reaching me in Sydney, 

I learned, by a U.K. mail strike lasting some weeks and still going on. 

So my first draft had been immediately accepted and published by The Lancet. 

Dr Mark Florence and I then wrote a second letter announcing thc new 

finding of a high manganese level in the cores of soil at Angurugu and in 

the edible species. These two letters from my team are circulated with 

today's program for your awareness. Here they are: 

THE LANCET. MAY 30, 1987 

Letters to the Editor 

MANGANISM IN A NEUROLOGICAL ETHNIC 
COMPLEX IN MORTHEBN AUSTKAUA 

Siw.*-,Aflcut8temDn(_5tncccBi____yaB wea developed, opportunely.; 
at the Prince cf Wales Htapiol, Sydney, m October, 1986. Thr 
method ts ni_n4kitt n n t o t oBomc-cxtsotpoor- spectroinciiy *f " 
Varian P'L AAOT5 speOiwiieiei equipped with a CTA9S furnace 
and sampler. 

°^jpponuncty because, tn rrovciubv, three bmUKfi from a 
tribal Aboriginal unuly living at Angurugu, s cownshtpon Groote 
EyUndt. Northem Autuaha. were ednutted far dmksl study to 
prince Henry Hospital, which b affiliated with the Prince of Wales 
Hoipual. The brothers' ago ere about 55,45, end W yean. The two 
elder ones have a neurological disease compla with "^f" tnom 
neurone and cerebellar signs end onitomutor symptoms. The 
youngest h healthy, free of u jm end symptoms. Although aH three 
b\x si the same vicinity, the tvw elder brother? hod wotted, without 
crunks, n a samptag min of a company (GEMOO) esubtulxd 
ocartv roro decades ago toe open^uf mining of uungjcncsc ores, 
which exist mainly beneath the ground in the vicinity of tha 
ktwmhip. I h e youngest had not ao worted. 

1 nr w o affected brothers had whose blood menoaneae tevcb of 
t. JO and 640 ami "I. The adult reference rxngc b still under review, 
but an early csumauon is 100-JW nmol/l. A pecdiatnc reference 
range is yet to he established. Thc affected brothers are pan of a 
wider neurological cut* trt of at least 16 individuals in this tribaBy 
oncntcdAburtgindcommunityafabouttOOOpeapk. Most of these 
own show dinicaJly a range of dystonias, having gait, balance, end 
J*>WCT defect*. A relationship to tncngmese has always been 
ovtttdercd possible.' * 

Otacnablc in this loot population tire other unusual ctinkal 
cwdiurm. including cmnecove tissue disorders, congenital 
mali'iwmanon* and infant deaths, and psychiatric syndromes, 
usuallv expressing acute excitements. A resident medial offkrr b 
adding the usk, diflkufa m this population, of doing a pretimirogy 
*urvr> ff this refatcd group of disease problems. 

Sivne relationship has hcen suggested btrween these Groote 
Evtandt dystonias and the m.Mor-ncurone disease syndromes of thc 
Western Pacific, which are associated with partunsonism-demcntia, 
drtttiN; J in Japan, i.'n_am Island, and West Irian.* All these Pacific 
Mtn arc located on about the same longitude < 137*1 and chey share 
drtuncuvc nuncralagical tanires. However, no paricinsonism-
dementu is obvious in the Groote Eylandt cohon, and there arc 
t<ther dmical differences. 

In our twufdt nr ctutscs wc ounined, end progressively 
dimmosed noun cny uiuugfy '*'*'—*** role: (a) QMMIIL determinants 
*ww__s «.»_»< with uBjroodmg, (•) deneiotcies of calCMfln, m n , folic 
cod, end proaem (cfl cf which do cxifl here); end (<) task effects of 
toed foodstufis, sudb as cn mdtgBtaus staple, one cyced p.gn nut. 

dc ores such es pyrohntte end 
oyiHomeltne. Thete very bfatft. substances, used rxcdnanalry by 
ctsovc ciufuiuen end crusts, ore now industrially exhumed by 
cpcn-<ui mawc opt Kuans, end t m Qmcjc daworfr dust ts often 
dticcutct n the cs . 

Atta the fifi -""irr TTTI of tcised blood mcngcncsc tn the two 
brothers ducijbcd fibovc, over twenty tests were done on pwple 
living on dw blend, tn its three townshipa. Very high 
oonoentrooons, obove 600 end 700 nmot/U were found mthe Uood 
of lour more patients affected neurofcupcaily. Unaffected 
•Aboriginal subjects, end whites generally, show much bwer Mood 

e tevcb (150-200 imtaAfl on overage). 

This Aborig_nal community invited our icscurch. It has now 
cgreed to try to provide necropsy specimens (or pathological study, 
especially of the nervous system, end wcare attempting bcood tesits 
on the whole population to 6nd out if there are further mdniduah 
vulnerable to what can now remonabry be termed die risk of 

JOHN CAWTE 

GRAHAM HAMS 
L*dr Ito*. NSW 10IS. il LW CHAHLES KlLDUKK 

L|U*LC.UOrfM>AK.M«p_BG.CMM(|E,H0inM Amimt I i iMWrti^al 

1 t#-*i | U K U N M Evfaarf. 
I IUQl_tG.O-«|( .Aa< 
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IHE LANCET. JUNE 27, 1987 

ENVIRONMENTAL SOURCE OF MANGANESE ON 
GROOTE EYLANDT, NORTHERN AUSTRALIA 

SIR,—Since our letter .May 30, p 1257., important findings have 
emerged which may shed a new light on the possible source of the 
manganese. Results now indicate remarkably high concentrations 
of manganese in surface sods and vegetables grown in the village 
concerned (Angurugu. on Groote Eylandt, Northern Territories, 
Australia). This suggests that local soil, dust, and plants may 
provide a more immediate source of this trace metal than the nearby' 
mining operations. Examples will be cited here, in anticipation of 
more detailed publication later. 

The manganese concentration of soil from Angurugu (ihe world 
average being 500 pans per million, ppm) was: 

S-rxrce of tail Mtnigaiuu: < ppm t 
Orchard, oppm field 14 XM 
Orchaid, under tree. 13 400 
Old vegetable garden 103000 
Banana pbnut-un 41900 

The manganese concentration of locally grown foods (fresh 
vegetables worldwide having an average manganese concentration 
of 0:2-7-7 ppm) were: 

Food samplt Mtmgant*. I ppm i 
Banana, old garden 310 
Native yam- 720 0 
Paspalum 240O 

It now appears possible that an immediate source of manganese 
could be the topsoil rather than the mining and crushing of 
underground lodes in this vicinity. Countering this presumption, 
however, is the faa that gardening and the dose use of soils has 
declined over recent decades, since thc first missionaries established 
die settlement. Nor do the native people eat much bush food; most 
ofthe food is bought from the village store. 

Prince Henry Hntppul. 
Link Bay. NSW 20V). AuMnlLi 

CSIRO. Lucas Heights. Syjncv 

JOHN CAWTE 

MARK FLORENCE 

_• 

SOHE PRACTICAL SUGGESTIONS FOR THE COfOTITY 

Let us not. revieu practical matters, ossuoing that the Angurugu 

people are (.anting to stay, that the aqnganese iz ranting to stay and 

that the dine is (ranting to stay. 

One cannot single out the nine for the problea. As Professor Kiloh 

and I long ago pointed out and Or Joan Bidley read out today, several of 

the cases developed before the nine began operations. And, os Dr Florence 

pointed out today, there is on excess of oonganese in cores of local 

topsoil, garden soil and in edible species. 

A feu suggestions do coae to aind, tso of ohich concern t&ot I 

think of as sooe preventive value of another cstol - iron. Critics oay 

think oy opening suggestion, an epideaiological one, io unforgivably 

"serendipitous". Here it is: 

In 1970, I uas invited by the East-West Centre in Honolulu to be 

a Fcllou in Hawaii for a feu oonths. That good break enabled oe to 

publish tuo book?, one on traditional Aboriginal healing and oedicine 

called Hedicim -U ;•':« Law, and one on Aboriginal cental health epideai-

ology, called Cru-'., Poor and brutal nations. Each subject is of 

unquestioned significance for students of AboriQinol health. 

More importantly for today's purposes, living in Hauaii let oe 

learn that a pineapple plantation seeoed to have been affected by an 

excess of manganese in the soil, vith this eleoent appearing excessively 

in the fruit. 1 understood that this soil problea had been rectified. 

by acasured applications of a dressing containing ferrous sulphate. This 

was interesting then to oe oedically, but I did not take particular 

notice of it. Not, of course, I have Britten to o professional colleague 

in Honolulu asking for aore inforaation froo the Hawaii Departaent of 

Agriculture, and oaybe froa the pineapple grouers too. 

1 cannot be oore specific about this until this inforaation is 

assessed. It uould be uonderful to see the soil probleo in tbe Angurugu 

garden rectified in such a uay and to Hatch the garden growing safe, fresh 

and varied food. 1 shall report on this to ay colleagues as soon as I 

can. 
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The other Issue uith this "opponent" - Iron - concerns its place 

in on individual's oetabolisa. He understand that iron deficiency, as 

occurs with the endeaic hookwora anaeaia, can promote bodily absorption 

of aanganese. It is excellent that a local doctor is proposed by the 

Angurugu Council, supported by the N.T. Department of Health. Part of 

his or her prograa uitl be an all-out campaign against the hookworm and 

its anaeaia. Another part should be the training of two Anindi1 yakwa 

oental health workers, a aan and a uooan, to deal uith such aatters as 

alcohol excess, petrol sniffing, and the all too cocoon oootivatlonal 

syndrooe. I have been a leader of Aboriginal cental health para-

profess Ional training and I know what they can do. .All these programs 

should happen, I hope, as outcoaes of this research. 

I respect the wishes of the Angurugu community to have all this 

done "in a quiet and friendly way". They do not want publicity. Sut they 

want general blood testing done to "pinpoint the sensitives", and we'll do 

It. 

SOME PERSONAL MOTIVES 

Sooe people here, not unsurprisingly, are unclear about ay 

coaaitaent to working in Arnheo Land continuing over so aany years. A 

brief conoent aay explain and clarify. My ootlves are, or course, to do 

with Arnhea Land, Arnhea Landers and their wellbelng. I have had 

opportunities to study in sooe of the leading universities of the world, 

but I have to reflect that aany of ay personally significant educational 

and oedical experiences have cooe froa friends and inforoants in Arnhem 

Land, Australia. 

in response to requests froa up in that neck of the woods, I 

have undertaken several contracts which 1 hope to fulfil, while there's 

tiae. For exaaple, visiting Elcho Island in ay annual vacations for 

nearly two decades, I was affiliated with the Warramirrl clan, former 

occupants of the English Coapany Islands and (maternal clan) the ttessel 

Islands, tfarraolrrl were the great sailors of the Arafura Sea. Their 

couplet, religion saw their life as arising froa the coral reefs, where 

the species develop in genetic leaps, recalling to ae Darwin and Huxley's 

doctrines. But since they had to move to Galiwin'Ku, Elcho Island, they 

had not" practised their religion openly. They asked oe to record it. 

so that it uould not die unknown. They provided the paintings and 

carvings of their Warramirri Heroes. I'm trying for funds to cover the 

art work of their book, which two university presses in Australia and 

USA have accepted on that provision. 

Shortly after this, Kava misuse came to Elcho Island from the 

Pacific. I studied this condition clinically. My colleague Dr Alan 

Duffield is studying it pharmacologically under a NHSMRC grant at oy 

university. We have oade certain recommendations to the Federal Govern

ment about its currently misleading official excise as a "food substance". 

My summons to Groote Eylandt inevitably interrupted my ongoing contracts 

with the Elcho Island people. 

Academically, I'm indeed lucky to have some first-rate higher 

degree scholars in remote Australia. Dr Charles Kilburn needs no intro

duction today. Dr Ernest Hunter is studying the psychobiology of sudden 

death in the Kinberley, Western Australia. Perminder Sachdev is looking 

at the Maori migrant in Australia. Besides academics, I'm closely 

committed to Aboriginal health worker training, having originated the 

quarterly journal The Aboriginal Health Worker ten years ago, with help 

from the Department of Aboriginal Affairs. We employ an Aboriginal 

medical illustrator, Billy Reid, and a research assistant, presently 

Rose Ellis, for this Australia-wide quarterly, which is warmly greeted 

by its users. Naturally one concern is for Aboriginal mental health 

workers, whose training 1 helped to inaugurate in North Queensland. 

These commitments, of course, distract me from the disturbed Sydney folk 

whom I'm paid to treat, and teach student doctors to treat. 

It may not surprise you that I've invited the B.H.P. Company to 

consider some personal support in the final part of my professional life, 

to enable me to tackle Arnhem Land and other Aboriginal contracts primarily. 

There are plenty of practitioners who don't want to work in the bush who 

can manage Sydney patients. I thought B.H.P. might like to consider this 

unusual request. 

I'm by no means the only medical doctor in Australia with a "bush" " 

kind of research outlook. We are very gratified to see such a capable 

person as Dr Charles Kilburn, who spoke to us today, joining these ranks 

"in the bush". 

* The W.A. Government now classifies it as a "poison". 



AFTERWORDS TO THE CONFERENCE 

Now, it is time in today's conference to ask our expert panel to 

respond to questions and ideas from the audience, many of whom know a lot 

about this subject, more perhaps than they have ever said. 

BIBLIOGRAPHY 

The references to this work are numerous. Those who wish to 

study them will find a reasonably complete set in my two recent 

publications: 

Cawte, John, 1984: Emic accounts of a mystery illness: The Groote Eylandt 
syndrome. Aust. and li.Z. til Psychiatry 18:179-187. 

Cawte, John, 198S: Psychiatric sequelae of manganese exposure in the 

adult foetal and neonatal nervous svstems. Aust. and II.Z. Jl 
Psychiatry 19:211-217. 

After the Manganese and Metabolism Conference in Darwin, certain 

participants contacted us (John Cawte and Charles Kilburn) with considered 

comments. Most comments were too informal to quote here though they were 

appreciated. Host were supportive, though some were critical. 

In this brief postscript we present several responses that are 

available and are likely to be of interest.to readers. These include: 

I. 
The Press release, prepared after the Conference, in which the 

Secretary of Health, Dr Keith Fleming, managed to find a sufficient 

consensus among the audience to provide "a joint statement". 

The newspaper account in The Northern Land Council's Land Rights News, 

from their reporter at the Conference. 

The newspaper account in The Sydney Morning Herald of Friday, 

June 19, 1987, prepared by reporter Pilita Clark. 

Notes on Anganese at Groote Eylandt sent to the chairman by the 

doyen of the Conference, K.C. Wentworth. These notes arc quoted 

with his permission, not merely as a competent review of issues, 

but as the programmatic suggestions of the first Minister for 

Aboriginal Affairs. As chairman, I take the opportunity of presenting 

his notes with my personal tribute to their author. 

't-arr-y.j :•'.?. Hanganese Soils in Hawaii. Notes from correspondence 
to John Cawte. 

Ois-iussioK -t ihe Conference. We regret that we have no recording 

for a report of the comments made by participants at the Darwin 

conference. Many who were present at the colloquium presented 

their views, including Professor John Mathews of the Henries School 

of Health Research in Casuarina, Darwin; Dr Robert Hart and 

Dr Michael Fett of BHP; Messrs Alan Kright and Sergio Fuenzalida of 

the Groote Eylandt Mining Co. Ltd, and others. 

~zz*3r\\\\mBm 



JOINT STATEMENT FROM MEETING, 11 June 1987, 
at Health House, Darwin, Northern Territory 

PRESS RELEASE 

THE NORTHERN TERRITORY DEPARTMENT OF HEALTH AND COMMUNITY SERVICES 

HOSTED A MEETING TODAY IN DARWIN TO DISCUSS RESEARCH FINDINGS SO FAR 

INTO THE POSSIBLE EFFECTS OF MANGANESE ON THE HEALTH OF GROOTE 

EYLANDT ABORIGINES. 

THE MEETING WAS THE THIRD HELD IN DARWIN SINCE THE PRESENT RESEARCH 

STUDIES, SUPPORTED BY THE NATIONAL HEALTH ANO MEDICAL RESEARCH COUNCIL, 

GROOTE EYLANDT MINING COMPANY AND GROOTE EYLANDT ABORIGINAL TRUST 

BEGAN IN 1983 BY A TEAM LED BY PROFESSOR JOHN CAWTE. 

PROFESSOR CAWTE INFORMEO THE MEETING THAT HE HAD FULL DISCUSSIONS ON 

THE PROGRESS OF RESEARCH TO DATE WITH COMMUNITY LEADERS ON GROOOTE 

EYLANDT EARLIER THIS WEEK. THE PRESIDENT OF THE ANGURUGU GOVERNMENT 

COUNCIL WHO ATTENDED TODAY'S MEETING STRESSED THE NEED FOR FURTHER 

RESEARCH WHICH SHOULD BE DONE IN A QUIET AND FRIENDLY WAY. 

THE MEETING EMPHASISED THAT THERE WAS A NEED FOR ALL INTERESTED PARTIES, 

PARTICULARLY THE COMMUNITY, THE GROOTE EYLANDT MINING COMPANY AND TIIE 

NORTHERN TERRITORY GOVERNMENT DEPARTMENT OF HEALTH AND COt-WUNITY 

SERVICES TO CONTINUE TO SHARE INFORMATION AND JOINTLY FORMULATE A 

PROPERLY RESEARCHED AND AGREED PROTOCOL FOR FUTURE RESEARCH. 

. ABOUT 2\ OF ABORIGINAL RESIDENTS OF ANGURUGU, NORTHERN TERRITORY 
EXHIBIT UNUSUAL DISEASES OF THE CENTRAL NERVOUS SYSTEM. 

. THE RESEARCH TEAM IS EXPLORING POTENTIAL CAUSAL FACTORS THAT INCLUDE 

EXPOSURE TO MANGANESE IN THIS ENVIRONMENT. 

. FURTHER RESEARCH TO CLARIFY THESE ISSUES IS NEEDED, SUPPORTED BY THE \\ 
COMMUNITY, GOVERNMENT AND THE GROOTE EYLANDT MINING COMPANY, INCLUDING 

TRACE METAL AND MEDICAL EXPERTS FROM OUTSIDE SOURCES, SUCH AS THE f 

UNIVERSITY OF NEW SOUTH WALES, CSIRO, SYDNEY AND THE MENZIES SCHOOL j 

OF HEALTH RESEARCH. jj 

MEANWHILE, SOME OF THE PRACTICAL MEASURES BEING CONSIDERED BY THE 

LOCAL COUNCIL TO REDUCE EXPOSURE INCLUDE SEALING OF ROADS AND 

RESTORING LOCAL HOUSING WITH LAWNS AND GOOD SAND. 

EMPHASIS SHOULD BE GIVEN TO EARLY DETECTION AND MEDICAL RELIEF 

OF THE NERVOUS SYSTEM DISEASES. TO ASSIST IN THIS, GROOTE EYLANDT 

LEADERS HAVE PROPOSED AN INITIATIVE THAT A RESIDENT DOCTOR TRAINED 

IN THIS FIELD IS PROBABLY NEEDED ON THE EYLANDT. THEY WILL 

INVESTIGATE PAYING HALF THE SALARY OF SUCH A DOCTOR TO MEET THE 

RESEARCH AND CLINICAL NEEDS. THIS PROPOSAL WOULD BE AGREEO TO 

BY THE DEPARTMENT OF HEALTH AND COMMUNITY SERVICES. THE DOCTOR 

WOULD BE RESPONSIBLE TO THE COMMUNITY AND THE MENZIES SCHOOL OF 

HEALTH RESEARCH. 

DR CAWTE'S PRESENT RESEARCH TEAM WILL CONTINUE TO HELP IN THESE 
PROBLEMS. 

The Malay Prau 
by 

Bakunda 
From Time Before Horning by Louis Allen, 197S. 
Crowell Co., New York. 
The usual black background, made from ore, 
features a great Macassan ship, anchored to the 

K 
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AN EDITORIAL REFLECTION ON W.C. WENTWORTH'S CONTRIBUTION 

.-11 

m-, 
"It 

Readers will bc struck by the immediacy with which Mr W.C.Wentworth, 

long since retired from public affairs and attending this conference from 

personal interest, grasped and summarised the cogent issues there presented. 

His response forms thc basis of a suggested program of action, which he 

now offers for consideration. His action in doing this reflects the 

qualities of this first Minister for Aboriginal Affairs. The present 

writer has had other illustrations of this kind of intelligence and 

energy from him over past years. 

It is characteristic of Mr Wentworth's resources to point out that 

his "Notes on Hanganese at Groote Eylandt" were not the sole contents of 

the letter that he sent. He also enclosed, with no comment whatsoever, 

some photocopied extracts from CD. Mount ford's book on Ayer's Rock, to 

illustrate Aboriginal mythology about the infanticidal capability of the 

dingo, incidentally discussed at this time. 

Hon. W.C. Wentworth 

From the Darwin Meeting, 11 June 1987 

2. 

NOTES ON MANGANESE AT GROOTE EYLANDT 

It seems established that high levels of manganese 
in the body can cause both psychological and physical 
illness. Such high levels have been observed among 
both Aboriginals and Caucasians on Groote Eylandt. 

The soil on the south west of the island carries high 
manganese in many surface areas, which are generally 
underlain by the manganese ore which has been mined 
there by open-cut methods for a couple of decades. 

Before the commencement of mining the Aboriginal 
inhabitants at Groote had the reputation of being 
psychologically disturbed, and this is some (not 
conclusive) evidence that "manganism" was prevalent 
there before mining. 

Available evidence suggests that present manganism 
does not come directly from mining operations. 

Manganese may be taken up by the body in one of three 
ways :-

(a) By absorption through the skin. This is believed 
to be of little consequence. 

(b) Through the lungs by reason of inhaled dust. This 
is believed to occur, although a great portion of 
inhaled dust ends up in the stomach rather than 
the lungs. 

(c) Through ingestion. This is believed to be the 
predominant method. 

It is probable that, genetically, some individuals are 
more susceptible to manganism than others. It is not 
yet known whether any such susceptibility is commoner 
among Aboriginals than among Caucasians. 

Instances of high manganese blood levels occur among 
inhabitants of the south-west area of the island, and 
are not confined to those who work in the mine or who 
are directly associated with it. The sample available 
is too small to allow firm statistical conclusions to 
be drawn from it. 

Absorption of manganese in the body may be aggravated by :-

(a) Iron deficiency, which is linked with the iuciutucc 
of hookworm, which leads to anaemia. 

(b) Calcium deficiency, which may come from the 
phenomenally low level of calcium in Groote Eylandt 
soils, leading to some calcium deficiency in 
plants and animals entering into human diet. 
(ll should, however, be recognised thai Groote 
Lylandters are large consumers of imported loodstufft. 
which contain calcium). 

The Aboriginal community at Groote is extremely 
concerned with the problem and has discussed paying half 
the salary of a doctor to be resident on the island. 
It is understood that official N.T. sources would be 
willing to provide the other half. 

Jii_\U-StUS!t.l..'i. J'.i li" i- HluiiUM..- _,..-. 



In these circumstances, the following programme could 

bo considered. 

A. Appoint a director of tho task force to go into 

the whole matter, using the services of the resident 

doctor who is to be appointed. 

B. Mount an intensive campaign against hookworm. 

C. Make available free pills with supplementary iron 

and calcium. 

D. Make available free blood and diagnostic tests 

for all Aboriginals who desire them. 

E. Shift the vegetable gardens to an area low in 

surface manganese, and enrich the soil with 

calcium. 

F. Make available alternative housing in manganese 
free areas for those at special risk (e.g., with 
hig!: blood manganese, or iamilies with pregnant 
women) who opt to leave the present settlement. 

The campaign apainst hookworm could be developed 

intensively, not only for local effect, but as a 

pilot scheme for devising effective campaigns in 

all hookworm-infested areas. lt could thus have a 

national impact. 

Similarly, study ol manganism and ways to control it. 

could produce results not just for Groote but lor 

world manganese mining. 

These wider aspects, wjth their national and 

international implications, might be of interest 

to B.H.P. 

FARMING HIGH MANGANESE SOILS IN HAWAII 

John Cawte 

Dr Mark Florence, from CSIRO at Lucas Heights, has told us about 

high levels of manganese in the soils and plant and animal life in the 

vicinity of Angurugu. Needless to say, Angurugu is not the only site 

in the world characterised by high soil and plant aanganese. I learned 

of another during my visit to Hawaii in 1970 as a Fellow of the East 

West Center, which gave me the opportunity to write ny books about 

Aboriginal healing and health, called Medicine Is the Law and Cruel, 

Poor and Brutal Nations, each published by The University of Hawaii 

Press. 

Not being an agronomist or soil pathologist I will convey this 

subject for interested readers by quoting from some recent correspondence 

with Hawaiian experts. 

Dr L. Ingamells, agronomist for the Dole Packaged Food Company in 
Honolulu, writes as follows: 

Soluble Mn levels in certain Hawaii soils are indeed high. 
Many years ago Mn toxicity was a subject of much interest 
in crops and soil science. Attached is a paper by 
Sherman-& Fujimoto (1946) on work with vegetables in which 
Mn toxicity was effectively reduced by applications of 
line or mulch. 

Worx by H,Y. Young and hie colleagues at the Pineapple 
Research Institute demonstrated that what was for many 
years considered Mn toxicity in pineapple could be 
corrected by foliar applications of Fe (P.P.I.Research 
Recert No.84:45-56). Maxwell Johnson's earlier work 
with foliar Fe sprays in Hawaii helped establish the 
background for this, and the concept which emerged and 
was explained by Young was tiiat there is an apparent 
optimum balance between Mn and Fe in the soil solution 
and in the plant. Thus, toxicity levels are difficult 
to establish for Mn because correction is always 
possible in the range found in Hawaii soils by the 
application of foliar Fe, at least as far as pineapple 
is concerned. Total Mn in pineapple tissue can range 
frc- 50 to 5000 ppm. 

Dr Ingamells also sent an early publication which is classical. It 

is from Sell Soier.se Society of America - Proceedings 1946, Vol.11, by 

G.Donald Sherman and Charles K. Fujimoto, pp.206-210. The title is -

The Effect of the Use of Lime, Soil Fumigants, and Mulch on the Solubility 

of Manganese in Hawaiian Soils. 

http://Soier.se


The opening part of this paper reads -

The production of some vegetable crops in Hawaii has not 
been successful because of certain soil factors. One of 
the foremost of these limiting factors has ocen the high 
content of available manganese in the soil. Kelley was 
the first worker to report the abnormal manganese content 
of Hawaiian soils and its effect on plant growth. Later, 
Johnson discovered that thc chlorosis which developed in 
pineapples grown on soils rich in manganese could be 
corrected by the application of a spray containing iron 
sulfate to the diseased plants. He concluded that the 
large amount of manganese in the soil oxidized the iron 
to the ferric state in which form it is unavailable to 
the pineapple plants. More recently. Fujimoto and Sherman 
have demonstrated that the quantity of available manganese 
present in lateritic soils depends on the soil temperature 
and the degree of hydration of the manganese oxides. They 
found that tbe available manganese increased with a rise 
in soil temperature, and if the manganese oxides are 
dehydrated, large quantities of soluble manganese will 
be released. 

Manganese toxicity to plant growth has been recognized in 
other soil areas. Funchess reported that certain nitrogenous 
fertilizers increased the soluble manganese content of the 
soil. Eortner corrected manganese toxicity in certain 
Kentucky soils with the application of-lime and super
phosphate. Snider has shown that the application of lime to 
the acid soils of Illinois materially reduced the manganese 
content of the crops. Recently, Fried and Peech have made a 
critical study to ascertain if acid soils required lime to 
correct other soil conditions. They concluded that one of 
the .benefits of the application of lime to acid soils was 
the reduction of the soluble manganese. 

The application of lime to the Hawaiian soils having a 
high content of available manganese has produced a marked 
improvement in plant growth, however, this effect has not 
been as good as expected with those crops which are grown 
in rows. Another disadvantage found in the application of 
lime to Hawaiian soils has been the limited amount of lime 
which can be applied without the occurrence of overliming 
effects. Heavy applications of lime which are necessary 
to reduce the level of available manganese will depress the 
growth of plants very markedly. The maximum application 
of lime to Hawaiian soils without depression of plant growth 
is limited to two tons per acre. Thus, it is possible that 
the full benefit of the application of lime has not been 
obtained with crops commonly grown in rows due to the 
exposure of the soil to the sun which would produce a high 
soil temperature and which in turn would increase the soluble 
manganese in the soil. 

This publication by Sherman and Fujimoto concludes as follows: 

From the results of investigations to determine the effect 
of applications of lime and soil fumigants and the use of 
mulches on the solubility of manganese in Hawaiian soils, the 
following conclusions may be drawn: 

li. The application of lime to a soil decreased the 
exchangeable manganese in the soil. The application of 
2 tons of hydrated lime to the acre decreased the 
exchangeable manganese about one-fifth of that found 
in the check soil. 

2. The use of mulch which lowered the surface soil 
temperature and maintained a moist soil to the surface 
decreased the amount of exchangeable manganese present 
in the soil to about one-fifth of that present in the 
bare soil. This decrease was slightly less than that 
produced by the application of 2 tons of hydrated lime. 

3. The application of 2 tons of lime to a soil with a 
mulch decreased the exchangeable manganese to about one-
fourteenth of that present in bare soil which received 
no lime. 

4. The application of soil fumigants, chloropierin and 
D'D* Mixture, did not decrease the exchangeable manganese 
in the soil. Both increased the exchangeable iron in the 
soil. 

5. The yields of plants increased with a decrease in the 
exchangeable manganese content in the soil. The plant 
growth increased as the ratio of exchangeable manganese 
to exchangeable iron in the soil decreased. 

6. The chemical analysis of plants revealed that the 
manganese content of the plants was closely related to 
tbe content of available manganese in the soil. The 
soil treatments which improved the plant growth produced 
plants with a lower content of manganese and a lower ratio 
of manganese to iron in the plant tissue. 

As a final indication of the Hawaiian effort to combat this problem, 

I quote from a letter written to me from the College of Tropical Agriculture 

and Human Resources, at the University of Hawaii at Hanoa. This letter is 

written by Y. ICanehiro, Emeritus Professor of Soil Science, and N.V. Hue, 

Assistant Professor of Soil Science. They write inter alia : 

After consultation with colleagues in our department, especially 
those familiar with growing pineapples in our high manganese soils, 
we have not come across any known case in Hawaii of manganese-
caused illness in humans arising from consumption of food plants -
containing high levels of manganese. Upon further inquiries, 
we found out that Drs Nancy Johnson and Blubell Standal of the 
Department of Food Science and Human Nutrition are interested 
in this problem of Mn toxicity in humans and are presently 
conducting research on this subject. We recommend that for more 
information on their studies you communicate directly with 
Dr Johnson, Chairperson. -
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Concerninq information ir. c*jr department cn manganese ir. 
our soils and plants, ve cc r.ave some high manganese soils, 
and crops that grow ir. -hese soils suffer from excessive 
manganese Oxisols, total ':'.?.~.-t ranges from 1.79-5.22 per cent. 
Concretions found in these soils range from 27.9-30.3\ Mr.CS 
(CD. Sherman et al. .r.__•-_.':'_• '.jience 3(21:120-123. 1949). 
These soils are found ir. --r crier regions chat are subject 
to wet and dry seasons. 

On soil management oĉ _.cr.s -_:; how to curtail uptake of Mn, 
j.ast studies in our depart-=r.t have shown that mulching, 
trash application on sell i.rface, etc.. !.«-•• practices 
that keep the soil relatively cool and moist, will decrease 
solubilization of soil Mr.. Conversely, drying and heating 
will increase soluble >___ ir. these ilxisols. Liming will also 
decrease Mn solubility ir. "hose acidic soils. 

As you probably heard dun.-.: your tenure as a Fellow at the 
East-West Center, the common practice in pineapple fields is 
to apply iron sulfate to correct excess pMn uptake in the 
plant. This application o: iron sulfate however is to provide 
an optimum Fe to Hn balanced uptake by the plant. Iron sulfate 
application does not s-bstar.tially, if at all, decrease Mn 
concentration in the plant. On a related subject, the pineapple 
researchers have also discovered that the application of certain 
nematode-controlling furaicants will increase Nn availability. 

In concluding this letter we would like to summarize and 
speculate that certain parts of a plant could accumulate Mn 
more than in other parts. There could also be certain ulants, 
edible or otherwise, that accumulate extremely high amounts o: 
Mn that we are not aware cf. 

We hope that the foregoing information/data prove helpful in 

your studies. 

In reaction to this information, I suggest that it would be valuable 

if members of the Angurugu Council and the Church Missionary Society, 

together with a doctor, were to visit Hawaii to study this problem 

personally. It could make a difference to life at Angurugu if useful 

and safely supervised gardens were to be established in this way. 

A prayer for guidance of the Holy Spirit 

in research and its application 

Cod of wisdom and love. 

Source of all good. 

Send your Spirit to teach us your truth, 

for the health and well-being of people, 

and guide our actions 

towards your way of wholeness. 

he ask this thorugh Our Lord Jesus Christ, 
your Son, 
who lives and reigns with you and the Holy Spirit 
One Cod for ever and ever. 

AMEN 

This -s a benediction from The Sight Rev. Clyde Wood. Bishop of the 

TiltTonlTZTtl:and Mr tMoe TrenUett °f kn*"u*"and th° «"•«» 

a.ww-awMi___www.»).i.i»)U-i 

http://www.�).i.i�)U-i


STOP PRHSS: MICH I.F.VEI.S OF BI.OOP MANGANESE 

This booklet is merely a state-of-the-art report for May II, I.IS7. 

Wc also include some items omitted from the Darwin nrogran. One 

concerns the local use of manganic ore for its black colour in 

painting and decoration. Another item concerns thc management of 

highly manganic soils in Hawaii, to protect food plants. There, 

the Dole Pineapple Company and others use applications of cooling 

mulch between plants, with calcium and iron. These garden techniques 

seem successful. We recommend that an Angurugu team visit Hawaii 

to study them. 

After thc May Conference, one of us (Charles Kilburn) continued 

planned hlood manganese estimations at Angurugu. High levels were 

found in residents other than those neurologically effected. Extra

ordinary levels of 800-900 units were found in a father and daughter, 

in a family not related to the two neurologically affected families. 

Blood manganese levels of this degree must give cause for concern, 

requiring close monitoring rather than medical laissc; faire. In 

September, Charles Kilburn was obliged to return to Sydney and thc 

Nil G 'IRC appointment concluded. 

A physician is urgently needed. The Chairman of the Community 

Council, Mr Murubuda, told thc Darwin meeting that the Council would 

pay half of the salary required. Professor .lohn Mathews of the 

.Northern Territory School of Health Research, offered to supervise. 

The Church Missionary Society will maintain its longstanding care. 

Ne recommend a doctor who can offer general care, with a continuing 

study of "manganese and metabolism", including autopsy studies as 

occasion arises. Our thanks go to all who.are concerned for this 

problem. 

John Cawte, 

Charles Kilburn. 

THE ABORIGINAL HEALTH WORKER 

POLICY 

The Aboriginal Health Worker aims -

1) to assist Aboriginal health workers all over Australia 

to share ideas with one another; 

2) to involve Aborigines and Islanders in all aspects of 

their health and adjustment, most especially in 

training and leadership roles. 

This Journal assists health workers -

1) to diagnose and treat sick persons; 

2) to explain sickness, its causes and its prevention, 

to the local community; 

3) to tell the public, public servants, and politicians 

about Aboriginal health. Many of the decisions affecting 

Aboriginal health are not made by health workers. 

Aboriginal health workers -

are all persons who help Aborigines rally from illness, 

or help them avoid being ill. Aboriginal health workers 

care for sick people in the homes, in the health centres, 

and in the hospitals. Host of their work is in the 

community. 

Aboriginal health -

is the ability of Aborigines to rally from harmful 

effects in the environment, or the ability to prevent 

such effects occuring in the first place. 

Requests to: The Hon.Editor, Dr John Cawte 
Prince Henry Hospital 
LITTLE BAY NSW 2036 Tel. (02) 694 5731 fi 5660 
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Clinical Manganism and Exposure to 

Manganese in the Production and 

Processing of Ferromanganese Alley 

y\ 

L T. Smyth, M . D . ; R. C. Ruhf; N . L 

W h i t m a n ; a n d T. D u g a n , M . D . 

In 1963 ihe American Con
ference of Governmenta l Industr ial 
Hygienists ( A C G I H ) changed the 

threshold l imi t va lue* (TLV) for 

manganese so thai 5 milligrams of 

manganese per cubic meter of air (mg/cu 

m) represented a Ceiling Value.t In 

1965, lol lowing the lead of the Threshold 

Limits Committee, Ihe Pennsylvania 

Department of Heal th, under the 

Regulations Establishing Threshold Limits 

in Places of Employment adopted a 

Short Term Limit (STL) (or manganese of 

5 mg/cu m lor 30 minules. 

As a consequence of those changes 

Ihe medical and environmental quality 

control pe rsonne l of a large 

lerromanganese producer in Penn

sylvania felt that a reappraisal of Ihe en

vironment and the health of employees 

working in (erromanganese production 

and processing facilities was indicated. 

Manganism a n d P a r k i n s o n i s m 
The syndrome of manganism is thai of 

Parkinson's disease and is clinically in
distinguishable from i l . A review of the 
literature elicits only about 400 cases of 
manganese intoxication since it was first 
reported over 100 years ago. Most of 
these cases occurred fol lowing exposure 
lo manganese d iox ide ore or lo 
manganese dioxide fume produced by 
oxidizing processes such as cul l ing or 
burning. 

Parkinsonism is a progress ive 

A s l a n t lo Miil ical Due.lor, Bclhlchrm Slrrl 
Corp. Ucihli-lvin, Pa. 

Rr-prinl rrqui M<, to Brll i lrhem Slrr l Corp. 

Brlhlrhem. Pa. 10U1IS ( I ) i . Smylh). 

neurological disease wh ich results from 

destruction ol Ihe cells of Ihe basal 

ganglia. Occasionally, il is seen as an 

acute illness lo l lowing hemorrhage of 

the brain. Rarely, it is seen in association 

w i l h brain lumor or syphilis. Ar

te r iosc le ro t ic , ralher than pr imary 

degeneralive changes, can occasionally 

be a cause of Ihe shaking palsy of very 

advanced age. Unti l 1915, parkinsonism 

was mainly a disease of advanced age, 

rarely occurring before 40 and usually 

selling in between 50 and 60 years of 

age. 

Poskanzer and Schwab (Massachusetts 

General Hospital, 1%t) feel lhat most of 

Ihe parkinsonism now seen is Ihe result 

of Ihe wor ldwide epidemic o( en

cephalitis lethargica that lasted Irom 

1915 lo 1926. They expected thai Ihe 

number of cases w o u l d increase lor 

some 40 years alter the epidemic and 

then dwind le as Ihe victims died Irom 

this or other causes. In 1%1 Ihe mean 

age of persons newly afflicted wi th 

parkinsonism was 60.6 compared w i l h 

34.7 in 1932. Poskanzer and Schwab 

subsequently examined 421 additional 

patients and found that none of them 

were born alter 1931, Ihe year the virus 

died out. 
Cotzias' was Ihe first lo demonstrate a 

therapeutic response lo high doses of 
levodopa. The rationale for its use had 
developed from studies showing that 
dopamine normally occurs in high con
centration in the basal ganglia and sub
stantia nigra, but al autopsy il was 
markedly depleted in those areas of Ihc 
brains of persons having parkinsonism. 
Since dopamine does not cross the 

Tin 
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blood-brain barrier, ils administration is 

inel leci ive. However, levodopa, Ihe 

metabolic precursor of dopamine, does 

cross Ihe blood barrier and presumably 

is converted into dopamine in the basal 

ganglia. 

ll is the opinion of some investigators 

(Penalver R, oral communicat ion, and 

Whit lock el al6) lhat Ihe parkinsonism 

syndrome produced by manganism is 

not progressive if the vict im is prompt ly^ 

removed from exposure,"and lhat I he . 

condit ion may improve fol lowing the 

use of chelating agents. Penalver has 

shown moving pictures demonstrating 

improvement in one case by simply 

removing the patient Irom further ex

posure, chelating drugs being not yet 

available. 

Massive exposure lo the fume or dust 

o l manganese may rapidly produce 

symptoms and signs al any age in con

trast lo Ihe slow and insidious course of 

parkinsonism due to other etiology. 

The main portal of entry of manganese 

, is Ihe respiratory iracl. The gastroin

testinal tract plays l i l l le or no role and . 

r a d i o i s o t o p i c s tud ies reveal that, 
inorganic manganese sails are slowly 

• and poorly absorbed by this route. The 

main route of excretion is in Ihe bile, the 

liver being Ihe prelerred site of ac

cumulation. Only small amounts of 

manganese are found in the urine, even 

lo l lowing heavy exposure. Chelating 

agents, however, markedly increase Ihe 

excretion by Ihe kidneys. Manganese is 

an essential e lement for no rma l 

metabolism and w i l h an average daily 

intake of 3 lo 9 mg. the blood contains 

l iom 12 lo I 5 p g / I 0 0 ml and Ihe urine 
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.somewhat less than 10pg/l i ter. ' Most of 

he intake is eventually accovnted for in 

, '^e feces. Maynard and Coizia J demon-

V-..rated that manganese disappeared 

rapidly from Ihe blood and wa. con

centrated in Ihe liver, kidneys, and L'ain. 

P r o d u c t i o n a n d Process ing 

M e t h o d s 

From 1923 lo Ihe present, the produc

t ion facility for ferromanganese al the 

operation under study has been the blast 

furnace. There have been changes, 

however, in the handling o l the casted 

material. From 1923 to 1957, the 

ferroalloy was poured Irom the furnace 

in to casl-cars ( l o w - s i d e d gondo la 

rai lroad cars l ined w i t h refractive 

material) . The casled material was 

removed from Ihe cast-car and sized and 

sorted manually. In 1957, due lo 

customer demand for smaller and more 

uniform sizes of the alloy, crushing and 

screening facilities were installed in the 

then existing building. In 1961, a new 

and larger building was erected lo house 

. crushing and screening equipment of 

( nuch greater capacity. In December 

"1 161, the molten ferromanganese was 

•-.apped from Ihe blast furnace into con
ventional submarine ladles and irans 
HMM«sl \» if U!O»*PMI."D ttiMs.iM'cw, 

N a t u r e o f Exposure 

Dust Exposure. — The mechanized 
crush ing and screening ope ra t i on 
resu l ted in Ihe p r o d u c t i o n of 
ferromanganese dust. Visual observation 
indicated thai Ihe overall dustiness 
associated wi th mechanical crushing 
and screening was greater than that 
associated w i l h manual operations. Prior 
I M 1 M » ? M M M l*!«g ( I M I U H M f l n . " * 

recognized as being a hazard although 
Patty1 stresses Ihe mining, transporting, 
crushing, and sieving of Ihe manganese 
ore as being Ihe chief source of exposure 
and Voss4 had reported one case of 
manganese intoxication in a man mil l ing 
and grinding ferromanganese. 

Dusl sampling studies were therefore 
begun in Ihe processing plant shortly af
ter Ihe commencement of crushing and 
'KUtaiHMB H|«M.HII>fl.» IM W'»y.t<lt1MH» IMMgi 

_l that t ima, Ihc ptaconinR facHllio* 
• were housed in a three-sided building 

measuring 335 It x 106 It (Fig 1). The 
south end of Ihe building was com
pletely open and there were large 

«c< 
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openings along bolh Ihe east ani l west 
walls. On ihr- west side close to the 
north w«! l , ferromanganese, wh ich had 
been dug out of Ihe casl-cars by Gradalls 
(an unloading machine w i l h a claw-l ike 
attachment al Ihe end ol a telescopic 
boom) , was loaded into boxes for 
charging into a jaw-lype crusher. The 
crusher and screens were located al the 
north end of the building midway be
tween the east and west sides. The 
finished product left Ihe plant by truck 
through Ihe large opening in Ihe east 
wal l and by rail from Ihe o|>cn, south 
end. 

Because o l Ihe physical layout of the 
building and Ihe working pattern of Ihe 
orni.loyeoSp Iho midg.d impinger was 
unt i l , (there wort-' only i w o mon, ihe 
Crusher Operator and Helper, bolh of 
w h o m remained lairly stationary on a 
platform alop Ihe ci usher.) Twenty sam
ples, each of 15-minutes duration, were 
obtained over a Iwo-day pei iod in 
' inuary 1958. The lindings are listed in 
t a b l e 1 . M a n g a n e s e - i n - a i r c o n 
centrations averages 1122 mg/cu m in 
the area immediately around Ihc crusher 
discharge, wh ich was Ihe major source 
of dusl. No employee was stationed in 
I l i lH «»•>*; • M t l l ' h IMW'W *M!!*<r<H!.{MINNS 
(average 27 lo 35 mg'cu m) weie lou iu l 

in those areas in whir It employees wete 
stationed, namely, on Ihc platform atop 
Ihc ciusher and at the scrrvniiiR area 
The l ime I ha I employees remained in 
those areas ol excessive manganese duM 
was not measu red . Time-weight 
averages of manganese exposure, 
although obviously lower than Ihe num
bers cited, were also not determined. 

Al that l ime thc TLV lor manganese 
was b mg/cu in. Inasmuch as the du<l 
measured concentrations were greatly in 
excess of thai level, it was recommended 
tha i l oca l exhaust ven t i la t ion be 
designed lor all dust sources and in
stalled as soon as possible. Until Ihe 
venti lat ion system was operable, i 

respiratory protective proginm \sn« madi> 
inaiKlaiit iy ami imil i t ict i immeiliaiHy 

In May 1959 an attempt was made lo 
establish a procedure lor monitoring the 
dusl concentrations to wh ich the em
ployees in Ihc Processing Plant were en-
posed. Ihe fell lillcr pads were collected 
from the lace pieces of the respirators af
ter an eight-hour turn had been worked 
by the Ciusher Operator arid Helper, 
f i l lets Imm eigltl successive woik shifts 
wc i c obtained lot each position. The 
filters were analyzed quantitatively lor 

rlH.MH.p.>'n.i M tiM.imiHJ. tMrtt « WK!»> 
man Inspires apprnximejielv ten cubic 

fig |. — Plan »it« ol old min|aneie procettinf plant (building dimensions 33S ft bj 106 II). 
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-n meters' of air over an eighl-hour work 
(• *'.• day, Ihe exposures lo manganese dusl 

h•''''. concentrations were calculated to be 47 
I /ng/cu m for the Crusher Operator and 
| ~ 52 mg/cu m fbr the Helper. These find

ings were comparable lo the 35 mg/cu 
m as determined previously by air sam
pling concluded in Ihe breathing zone of 
the Crusher 0|xi.ilor and Helper. II one; 
could wilh certainly know lhat ihc ex
posed employee was faithful in Wearing 
his respirator, this procedure could be a 
useful method ol monitoring the ex
posure. Because such assurance could 
not he' given without constant super
vision 3w\ because exhaust ventilation 
subsequently reduced the dust con
centrations lo acceptable limits, Ihe 
procedure was abandoned. 

Despite Ihe installation of Ihe crusher 

and rudimentary screening operation, 

some manual sizing wilh sledge ham

mers was slill required. This work was 

performed near Ihe open, south end ol 

ihe building by four lo six laborers. The 

laborers' total exposure lo the dusl 

created by Iheir own work and by Ihe 

crushing and screening equipment was 

determined by use of an electrostatic 

' precipitator. Eighteen tests, each of ap-

noximalely one-hour duration, were ob

t a i n e d over six different days in May 

1959. The concentration of all 18 tests 

averaged 5 mg/cu m. Since the tests 

were conducted only during ihe lime ol 

processing and not during repair or 

lunch periods, the weighted-average 

concentrations would have been 

somewhat lower than 5 mg/cu rn. 

Inasmuch as the measured con

centrations were below the TLV of lhat 

time, the wearing of respirators was 

placed on a voluntary rather than a man

datory basis in thai area ol the building. 

Ihe installation of Ihe exhaust ven
tilation system was completed in 
February 1960. During March 1960, in 
order lo evaluate Ihe eificiency of Ihe 
new system, air samples were collected 
with a midget impinger and an elec-
Iroslalic precipitator on the platform 
alop Ihe crusher and in other work areas 
around the crusher and screens. The 
manganese dust concentrations 
averaged 0.7 mg/cu m atop the crusher 

-. and 0.6 mg/cu m in the adjacent work 
veas; Ihe highest concentration was 

. >nly 1.84 mg/cu m. This was a dramatic 
improvement over the excessively high 
levels measured ptior lo Ihe installation 
of the exhaust system. 

Fit 2. — flin view ol nt* min|inest piocesilnf plant (bulldini dimensions 400 II by 121 ft). 

Because of Ihe extreme abrasivencss 
of Ihc dusl. howcvei, Ihc duclwoik in 
the ventilation system soon lieg,tn lo 
erode, particularly in thc elbows, wheic 
holes began to appear. In addition, 
because ol the bulkiness ol Ihe laige and 
heavy loading boxes which requited 
frequent moving, inadvertent damage lo 
Ihe hoods ensued. Bolh these laclors 
contributed to a gradual reduction of the 
air volume needed lo satisfactorily trans
port the contaminant Irom ihe work 
areas. Further atmospheric testing lo 
determine exposure lo manganese dusl 
was conducted during lanuary and 
February of 1961. Ten tests in the 
breathing zone of Ihe Crusher Operator 
and Ihe Bottom Man (employee working 
primarily in the area around the 
screening equipment, who was respon
sible for seeing thai sized material Irom 
screening operations was properly 
loaded and removed (or shipping) were 
obtained with a midgcl impinger over 
four dillerent days. Thc average dusl 
concentration immediately lollowing in
stallment ol Ihe ventilating system was 

3.2 mg/cu m for the Crusher Operator 

and I lei|iet (about a livcfold increase 

over that ol Ihe I'.M) study), and 53 

mg/cu m for Ihc llotiom Man. Because of 

these relatively high dusl concentrations, 

management was urged lo make every 

ellort lo maintain Ihe ductwork and 

hoods and require Ihc wearing of 

respiratory proleclive devices when ex

cessive dusl concentrations were en

countered. 

Because customers demanded a wider 

range ol small sizes ol Ihe alloy as well 

as varied manganese composition (range 

74% to 82% ), il was necessary lo pur

chase another crusher, smaller in size 

than Ihc original, but of Ihe same lype. ll 

was also decided to house Ihe crushing 

and screening equipment in a new and 

laiger processing building (Fig 2). By 

March 1962 the changeover was com

pleted. Al Ihe same lime Ihe old "large" 

crusher and screens were supplemented 

wilh Ihe new "small" crusher and ils 

auxiliary equipment. 

In the riew processing building an at

tempt was made lo use water sprays as a 

Fii -• — Summaijr ol i itnie leriomin|intst dusl tonctnbibons. 

OLO PLANT , HCW PLANT 
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dusV suppressant al material transler 

lo in ls ' in lieu of hoods and exhaust ven

tilation. It was apparent from the start 

thai sprays, whi le accounling for some 

reduction, were not lowering the dusl 

concentrations lo satisfactory levels. To 

confirm these observations, general air 

samples were obtained w i l h an elec

trostatic precipitator during |une and 

August 1962. Concentrations duVing this 

study ranged between 12 and 83 mg/cu 

m and averaged 30 mg/cu m. Based on 

these tests it was recommended that 

water spraying be discontinued and an 

exhaust ventilation system be installed. 

In May 1963 the exhaust ventilation 

system was completed lor both ihe large 

and small crushers as wel l as their 

respective screening equipment. 

Sampling of the air-borne contaminant 

by midget impingers lo determine the ef

fectiveness of ihe new ventilation system 

was comple ted by October 1964. 

Twenly-l ive general air samples, each of 

10- lo 12-minutes duration, were taken 

over Ihe various work ing locations 

during the survey period. 

O n five of Ihe nine lest dates, the 

average daily concentration exceeded 

Ihe TLV lor manganese; of. the 25 sam

ples, n ine exceeded 5 mg/cu m. 

However ihe average concentration (5.6 

mg/cu m) o l all the samples was jusl 

slightly above the TLV. 

Fig 3 shows that between November 

1959 and May 1965 average 

ferromanganese dusl concentrations in 

Ihe processing plant were in excess of 

Ihe TLV for much of Ihe l ime. 

The processing p lan t ope ra t i on 

requires periods of down- l ime during 

the course ol a work day because o l the 

necessity lo change screens for the 

varied sizes produced and lor crusher 

malfunction. The average concentrations 

expressed in Fig 3 reded both periods of 

down-t ime as wel l as periods of peak 

production. In spile of. that, i l is apparent 

that for appreciable periods of l ime over 

Ihe 7 1/2-year period (1957 to 1965) em

ployees were exposed to higher than 

desirable levels of manganese and 

during the periods when local exhaust 

ventilation was not operative, average 

concentrations were three to six times 

the TLV. 

Fume Exposure. — Al ihis operation, 

ferromanganese is produced in a blast 

furnace. Ferromanganese fume is emitted 

during ihc 20 lo 30 minutes of the cast as 

a dense, orange plume wh ich arises 

104 

from Ihe trough running from ihe blast 

furnace to the ladle and slag pots and 

spreads rapidly over Ihe cast house lloor. 

Because o l Ihe natural movement ol air 

across the cast house floor, the plume is 

rapidly dissipated fol lowing ihe con

clusion of the cast. 

The Firsl Helper experiences the 

highest exposure due lo Ihe fad that his 

work requires h im lo maintain a position 

relatively close lo the trough during Ihe 

entire cast. Other employees are able to 

remain in the Blowers Shanty (enclosed 

control room) or at Ihe furthest upw ind 

portion of Ihe cast house away from ihe 

most dense portion of Ihe plume. 

The exposure al the pig-cast ing 

machine is also lo ferromanganese lume 

arising Irom Ihe runner leading from the 

ladle lo Ihe pig moulds. The exposure 

lasts (or about 1 1/2 lo 2 hours per 

pouring operation (5 times per 24 hour 

period). 

The Pourer's exposure is greater than 

lhal o l Ihe Tiller because of his working 

position in relationship to Ihe runners 

conveying Ihe molten metal. His work 

requires h im to maintain the runner 

(clearing slag, elc) in close proximity to 

ihe source of ihe fume, whereas, Ihe 

Tilter is in an enclosed pulpit and al 

some distance from the plume. 

In early 1964 a signilicanl eveni wh ich 

occurred in a plant in central Penn

sylvania was brought to our attention.* 

Two men employed lo cul and Irim 

manganese steel castings w i th air-arc 

burners in a small, unventilated en

closure were admitted lo a Harrisbuig. 

Pa, hospilal w i t h symptoms and signs o l 

central nervous system impai rment 

manilested by progressive weakness, un

steadiness o l gait, loss ol co-ordinated 

movements and increasingly severe 

hoarseness o l Ihe voice. Theie was 

marked loss of strength in all extremities, 

abnormal reflex changes, in ten t ion 

tremor and a sense o l euphoric, carelree 

altitude not previously characteristic of 

the personality o l Ihe employees. An 

inexpiessive facial masking was present 

as we l l . 

Following EDTA* treatment, their was 

an immediate high excretion o l urinary 

manganese (as much as I.OOOfigfliter in 

one paiienl) and, w i th the passage of 

time, an improvement in Ihe clinical ap

pearance of the employees. It was con

cluded by Ihe authors thai Ihe TLV lot 

manganese - i n -a i r c o n c e n t r a t i o n s 

conlirming the opinion expressed by ihe 

ACGIH Threshold Limits Commi ts 

when a rei l ing value was established In 

e l led , Ihis event indicated to the in

vestigators lhal serious manganese in

toxication might occur when weighted 

manganese-in-air concentrations were 

below the TLV as then defined: 5 mg/cu 

m (ceiling value). 

Our attention was now directed lo 

producl ion o l (erromanganese al the 

operation being studied because ol the 

recognized manganese (ume exposuie 

wh ich we believed might be similar to 

lhal ol ihe reported cases in ihe 

Harrisbuig area. In February 1966 it wis 

decided lo perlorm an epidemiological 

study of Ihe entite pioblem. 

E n v i r o n m e n t a l Phase 

M e t h o d o t S tudy . — Fifteen 

positions, as indicated by previous en

vironmental sampling and observation 

to have the highest exposures, were lo 

be studied; nine al the produclion 

(lume) area and six at the processing 

(dusl) area. Since the Pennsylvania SU 

lor manganese is based on a 30-minulp 

period, all air samples throughout the 

sludy were collected lor ihis length ol 

time. All air samples were taken in the 

worker's breathing zone and sampling 

was done in all lour seasons of the year. 

Fume. — For Ihe fume exposuies the 

electrostatic precipitator was used as Ihe 

basic sampling instrument. Thai in

strument, however, requires Ihe in

vestigator lo hold Ihe sampler in tiie 

vicinity of the worker's breathing zone. 

Since some |ob positions, such as Ihe 

first Helper on Ihe Casl-House lloor. 

were loo hazardous lo permit lhal 

procrduie, Ihe elecliostalic precipitator 

was supplemented w i l h Ihe millipore 

liller and moni lai ie pump wh ich could 

be mounted on Ihe employees. 

Be lo i e Ihe s l udy was begun, 

simultaneous sampling w i th Ihe elec

liostalic piecipitator and mill ipore fillers 

was perlormed and il was determined 

thai results obtained Irom Ihe two 

methods weic comparable. 

Ihe survey of Ihc nine job positions at 

Ihc p ioducl ion facilities consisted of 

collecting aii samples during Ihc casting 

ol the lurnace and during Ihe pigging 

operations. Additional samples were ob

tained beloie and alter casting and 

p ig l ing lo determine concentrations lo 

wh ich Ihe employees weie exposed provided lill le or no laclor o l salely. thus 

Clinical Manganism and Exposuie to Manganese/Smylh et al. 



"'•<'.l'^t.l'',l.ri:i>-ri.l--.-p'-,''pr.'t^t|ytl'l'-./ _: ....!.'• I . 
•^•/••^•b\bOiato-.XpW».«fc.*ip« 

c during the intervals between the times o l 
lume production. 

Dust. — For Ihe dusl exposures, sam
pling was done w i lh Ihe midget im
pinger. Ihe collecting flask being sus
pended from ihe worker's shirt. The 
moniiaire pump was Ihe vacuum source. 
Early in the study i l was determined lhat 
Ihe midget impinger samples were being 
contaminated. Mil l ipore filters, wh ich 
were d i f f i cu l t to i n a d v e r t e n t l y 
contaminate, were substituted for im
pinger flasks. Testing showed that the 
results obtained by Ihe two sampling 
techniques were comparable and the 
millipore filler sampling melhod was 
used (or Ihe duralion o( ihe sludy. 

In the Preparation Plant, where the 
lerromanganese is processed almost 
continuously, samples were collected 
over Ihe entire three workshills for Ihe 
six positions being studied. 

Results 
Fume. — Table 2 summarizes the 

results ol ihe breathing zone samples by 

position al ihe Blast Furnace and Pig 

Casler. The number ol samples and Ihe 

range as wel l as Ihe weighted-average 

concentrations for each job position are 

shown. In addit ion, the number and per

cent ol samples exceeding the short-term 

limit are listed. 

At the Cast-House none ol the job 

position exposures exceeded the TLV of 

5 mg/cu m. The highest weighted-

average concentration (3.6 mg/cu m) 

was lound for Ihe Firs! Helper and the 

lowest (0.12 mg/cu m) lor the Cin-

derman. O n the other hand, the short-

term limit was exceeded on numerous 

occasions al six of ihe seven positions. 

At the Pigging Machine, Ihe Pourer's 

exposure (13.3 mg/cu m) was in excess 

ol the TLV, whereas, lhal of Ihe Tiller 

was slightly below (4.4 mg/cu m ) . 

However, 93% of Ihe samples lor the 

Pourer and 75% of Ihe samples lor the 

Tiller exceeded the STL. 

Fig 4 shows the par t ic le size 

distribution o l Ihe air-borne (ume. One 

hundred percent o( the (ume is com

posed essentially of manganese oxide, 

but mainly MniO-i , and is less than 2/j 

in size, all of wh ich is respirable. 

Dust. — At the Crushing and 

Screening Plant, as is seen in Table 3, the 

TLV was exceeded al Ihree ol the six 

positions studied. Those included the 

Screen Plant Helper (12.9 mg/cu m ) , 

:;i-- ' V •••' ' '•'• l ib i t L — 

"£.'; • . . ' .v:
:;. J ' 

Tr ".'•-• ' '"• • : ' . ' •"'• .••' 

. •, , 
"rt»ii i»« 

; • l i n t Fame* Cti tkMM •-,' 

•.,!>iepn 

>: Blwet :: r ••' 
V Hot Blulmin • " • • • • ' ; 

i' lorn Repiit F ipmik 

." Second Helpei 

.'. fitsl Helpei . ; 

rV andetti.il • - _ > • -.-, 

_': r t | C u t i l l ••___!•• 

* I H U t ' ' • " . • . 
v.Poort i ' •'• •:• ;'• : • . •.' 

MiD|itmt 1 

Rink•_ tl 
l imfln 

... 
I t 
U 

' ts 
I 
i 

10 
. . ' r ' 

• I « 

u 

amt-la-Ni 

Siapla 
Sbwt ! > • 

M i t ts 

5 
J 
1 
4 

. 
7 
r 

11 
13 

Conctflbiloni bf ftittfo* 

Euttdlai 
Hull (Ml) 

\ t l Ittol 

3100 
31 00 
013 

SJ 00 

22 00 

70.00 

0.00 

75.00 
• 13.00 

.' ." ' ' » 

CtKttki l t t («l/ei 

I t . 

0 04 
0 04 
0.02 
DOS 
OH 
2.20 
0.02 

302 
3J0 .-• •-

- . 

niib 

391 
39 S 

51 
127 
1.4 

1710 

1.1 

43.1 

2OS.0 

-) 

IMltM-l 
It i m p 

IOC 
. 1.34 

0 33 
1.21 
0S1 
3.(0 
0.12 

440 
• 11.30 

Screen Plant Operator (6.3 mg/cu m) 

and Fork-Lilt Operator (5.2 mg/cu m) . As 

was Ihe case in the Produclion Facility 

many o( the samples were in excess o l 

the SIL. 

Particle size distribution ol Ihe air

borne dusl was determined and is plot

ted in Fig 5. Ninety-five percent o l Ihe 

dust is less than 5 p in size, and is of 

respirable size. 

The dusl was analyzed for ils chemical 

composit ion by x-ray diffraction and in

fra-red methods. Results showed lhal the 

metallic content of Ihe dusl was mainly 

lerromanganese (FeMn) w i t h small 

amounts o l manganos i le ( M n O ) , 

Hausmannite (MmO«) and i ion oxide 

(Fe<Oi). 

C l i n i c a l Phase 

M e t h o d of Study. — l l was decided 

f i l 4. — Particle tiie distribution ol airborne lumt (production ficilit)) 

thai a study o l 71 employees, exposed 

daily lor eight-hour shifts in ihree areas 

involving 15 positions, w o u l d render ihe 

greatest inlormalion. A second group of 

71 male employees was selected for 

identical study. These men, chosen from 

Ihe plant genetally and never having 

been directly exposed lo manganese, 

were matched lor age, length of planl 

service, and ethnic background. 

The routine procedures on all persons 

studied included a history, physical 

examination, and certain laboratory 

examinations. All employees received an 

examination by a neurologist. Blood 

slides lor stipple cell counts were 

examined by a pathologist. Urine and 

blood manganese assays were per

formed using a method especially 

deve loped (or this purpose.7 The 

n e u r o l o g i c a l e x a m i n a t i o n , s t i pp l e 

counts, and blood and urine assays were 
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c 
performed as blind.studies lo insure ob

jectivity. Additional laboratory studies 
included chest x-ray, red blood cell 
count, while blood cell count with dif
ferential,.'hematocrit reading, blood 
sugar, sedimentation rale, urine analysis, 
and electrocardiogram. 

Results. — Examination of the 142 
employees elicited five cases wilh symp
toms and signs of central nervous system 
impairment highly suggestive of 
manganism. All five were from the ex
posed group and all but one occurred in 
positions of highest manganese ex
posure. Three were exposed to 
manganese lume and two were exposed 
lo dusl. 

Thc salient features of each case are 
listed below. 

Case 7. Age 47. Twenty-three years in
termittent exposure lo ferromanganese 
dust as an Unloader, Screen Plant 
Operator, and Helper. When examined 
was found lo have had history of parkin
sonism for five years. Clinically "he 
exKibiled marked masking of Ihe facies, 
loss of blinking rellex, absence of 
associated movemenls of ihe left arm 
when walking, tremor of left arm and 
head, and cogwheel "rigidity of led arm 

and leg. There was micrographia. 
Case 2. Age 48. Twenly-lhree years in-

lermillenl exposure lo ferromanganese 
dusl as. an Unloader, Screen Plant 
Operator, and Helper. When examined 
he had no complaints but on 
neurological examinalion he exhibited 
complete loss of associated arm 
movemenls bilaterally. 

Case 3. Age 52. Eight-years exposure 
to manganese oxide fumes, Ihree years 
as a Laborer in Ihe general blast furnace 
area, and five years as an Iron Pouter al 
Ihe Pig Casting Machine. Clinically he 
had no complaints, but on neurological 
examinalion exhibited complete loss ol 
associated arm movements bilaleially. 

Case A. Age 49. Twenty-six years in-
termiiteni exposure lo manganese oxide 
fumes as a Laborer and Iron Pouter al 
Ihe Ferromanganese Pig Casting 
Machine. Clinically exhibited matked 
masking of the facies, diminished 
blinking ol Ihe eyelids, absence ol 
associated arm movements, muscle 
rigidity in right arm and both legs. 
Micrographia was present. 

Ci5e"5.~"Age"49. Ten and one-hall years 
exposure lo manganese oxide (umes as a 
Hoi Blaslman al Ihe Ferromanganese 

Blasl Furnace. Clinically exhibited 
micrographia, loss of associated ajm__ 
movements on the right, and static 
iiemor of the right hand. There was 
facial masking, reduced blinking rellex, 
and some cogwheel rigidity.in the tight 
arm and leg. 

None ol the five employees admitted 
lo early complaints ol languor, lassitude, 
or apathy. All five were actively working 
and one (Case 2) lived on a farm and 
was productively working il in his spate 
lime. Iheie was no noticeable difficulty 
in walking or s|>eech impairment. There 
was no history of muscle cramps, 
headache, loss of sleep, or excessive 
Sweating as have been reported. Case S 
exhibited excessive salivation and a ten
dency lo drool. No pathologic reflexes 
were present. None of the employees 
remembered having been lold by family 
members lh.il they have been influenza 
victims in infancy or childhood. Neither 
had any sullered from pneumonia since 
being employed. (Pneumonitis has been 
reported as a rnanileslalion ol 
manganism.) 

In reviewing Ihe sick absence records 

for the live employees, il was noted lhal 

Case 2 had been ill from lanuary 24, 

Fig S. — Particle tiie diibibulion ol airborne dull (min|inese ihed). 
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',952, to July 13, 1952 (182 days), wilh a 
diagnosis of "Psychosis" which we 
believe may have been representative of 
a transient personality change. When 
questioned about Ihe episode, Ihe em
ployee slated he "Irembled" when he 
tried lo perform fine mechanical tasks 
such as threading a nul on a bolt and he 
would "break out Into a sweat." 
However, Ihe nature of Ihe incident is 
noi clear and its significance unknown. 
Ihe personality of Ihc employee al the 
lime of examinalion wa^ "normal" in 
every respect. Nevertheless, Ihe episode 
did occur during a period ol exposure lo 
lerromanganese dusl. 

The live employees were hospitalized 
(or further study under the care of an in
ternist. Results of skull films, elec
troencephalograms, spinal taps, and 
blood serology were negative for all. 
5erum iron and serum iron binding 
capacities were normal. Red blood cell 
counts, hemoglobin values, while blood 
cell and differential counts were within 
normal ranges. Case 2 revealed fine, 
delicale stippling in a very occasional 
ied blood cell. Case 3 revealed a hyper
tension with left ventricular hypertrophy 
and a history of familial hypertension. 

Upon hospital admission, collection 
of 24-hour urine specimens were begun 

and continued for len days in Cases 1, 3, 
and 4; lour days in Case 2; and three 
days in Case 5. The average urine 
manganese concentrations for Ihe five 
cases are shown in Fig 6. Except lor Case 
5, the average manganese con-

' centralions were below 10 pg/liler. 
Each hospitalized employee was ad

ministered 2 gm of Calcium ED IA In 5W) 
ml ol dextrose intravenously on Ihree 
successive days. Twenly-four hour urine 
collections were assayed lor manganese. 
The average concentration ol manganese 
in urine belore, during, and alter treat
ment is shown in Fig 6. The concen
trations do not approach those report
ed in Ihe Harrisburg cases. Nevertheless, 
Ihe increased excretion certainly con-
lirms manganese exposure and ab
sorption and indicates mobilization 
following administration ol Ihe chelating 
agent. 

Following discharge from Ihe hospital 
and release lor work in manganese-lree 
areas, spot urine samples were collected 
weekly (or len weeks. Fig 6 also shows 
Ihe manganese concenlralions during 
this lime. A second course of 2 gm of 
Calcium EDTA was given, on an am
bulatory basis, to Cases 1, 2, and 4. 
There was little if any increased ex
cretion of manganese. Subsequent 

P.53 

weekly spot samples of urine have 
averaged below 6 fig/liter in all cases. 

Three months after Ihe lime of the 
initial neurological examinations all (ive 
employees were re-examined. Cases 2 
and 3 regained normal associated arm 
movemenls. No changes were noled In 
Cases I, 4, and 5, and all continued lo 
rttanilesl the same degree of neurological 
deficit present on the initial examination. 
While their condition had not Improved 
neither had il deteriorated. Improvement 
was noled in cases exposed to either 
manganese fume or ferromanganese dusl 
but only when the neurological deficit 
did not exceed loss of associated arm 
movements. 

In comparing the exposed and unex
posed groups, no significant dillerences 
were noled in red blood cell counts, 
while blood cell and differential counts, 
hemoglobin levels, and hematocrits. 
There were seven instances of a history 
of pneumonia in Ihe unexposed group 
as compared wilh eight in Ihe exposed 
group. Employees having had 
pneumonia were not in the areas of 
highest exposure. Sick absence records 
also indicated no significant difference 
in Ihe rale ol sick absence for Ihe two 
groups. In Ihe exposed group there were 
no recorded absences for neurological 

Fig 6. — Average urine msnganeie concenbafion in five patients—beloie and after EDI A. 
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problems except for Case 2. 
Stippling ol red blood cells has been 

reported as being a f inding in 
manganism.8 Blood smears of all em
ployees were examined by a pathologist 
as a blind sludy. He reported Iwo types 
of stippling: a coarse, granular type 
(reported as positive when one stipple 
cell was seen in len high-p6wer fields), 
and a fine, delicale stippling (reported as 
positive when seen as an occasional cell 
per slide). Table 4 reveals no significant 
difference in ihe number of persons in 
Ihe two groups who demonstrated either 
type of stippling. 

Table 5 shows manganese-in-urine 
concentrations by work area averaged 
19 /Jg/liler in Ihe Processing Plant, 6 
ME'liler at the Blast Furnace Cast Floor, 
and 8/Jg/liler at the Pig Casting Machine. 
The unexposed group averaged 7 
/Jg/liler. 

Table 5 further shows thai Ihe average 
manganese blood level of all exposed 
employees was the same as thai of Ihe 
exposed group, namely 3 /ug/100 ml. 

Discussion 
Several aspects ol Ihis sludy are wor

thy of comment. Those cases which 
responded favorably lo EDTA treatment 
(2 and 3) regained normal associated 
arm movements, Ihe loss ol which con
stituted Ihe only neurological delicit. It is 
suggested lhal Ihis sigh" is a reversible 
ralher than a permanent change, and 
could be of great importance from the 
standpoint of early detection and 
removal Irom exposure belorc Ihe oc
currence of irreversible central nervous 
system damage. 

The lack of progression of Ihe syn
drome over six years lends support lo 
Ihe diagnosis of manganism, since 
parkinsonism of other etiology is a 
progressive disease. 

The urine manganese concentrations 
averaged about Ihree limes higher in the 
dust-exposed group lhan in the unex
posed group. While Ihis appears lo be a 
significant difference, it must be remem
bered that Cholak' reported urine con
centrations as high as 600/Jg/liler in per
sons wilh manganese exposure but 
without clinical evidence of manganism. 
Further, although Ihe exposure ol Ihe 
Screen Plant Helper was twice thai ol 
the Operator, Ihe urine concentration (or 
the Helper was less lhan hall lhal ol Ihe 
Operator. An attempt lo correlate urine 
manganese concentrations wilh air con-
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cenlrations lor each job position resulted 
in a correlation coefficient of 0.12. Thus 
there is very poor correlation between 
manganese exposure and manganese ex
cretion in the urine. In Case 5, Ihe Hoi 
Blaslman position, the manganese-in-air 
concentration was the second lowest ex
posure measured, yel Ihe urine excretion 
ol manganese (24-hour sample) was Ihe 
only one lo exceed normal prior lo 
IDIA administration. Cholak' also stales 
thai the mean average (or a group of 
unexposed individuals was 2 /Jgfliler 
wilh a range of 1 /Jg/liler to 7 /Jg/liler. 
The higher mean in our unexposed 
group (7 /Jg/liler) may be due lo ihe fact 
lhal all steel workers in Ihis plant may be 
exposed lo slightly higher background 
levels than the noimal population. 
Background atmospheric manganese 
concentration levels~in~llic_areas where 
ll,e~coi.lri.l group was located range 
liom .001 to .025 mg/cu m. Finally, il 
musl be recognized thai fundamentally 
ihe bile is the primary metabolic path
way lor excretion of manganese and Ihe 
urine cannot very well be expected to 
reflect occupational exposure accurately. 
This is doubly apparent when we see 
manganism develop in Ihe presence of 
normal urine manganese concentrations. 

Equally lacking in correlation are 
blood manganese concentrations and 
exposure. The average manganese blood 
level ol our exposed employees was Ihe 
same as lhal of the unexposed group. 

The development of manganism in 
one employee having a low exposuie lo 
manganese oxide fume (Case 5) suggests 
the possibility ol hypersusceptibilily ol 
certain individuals inasmuch as.others in 
similar positions and with equal or 
greater exposure did noi develop 
manganism. This phenomenon is well 
known in loxicology. Unknown and 
unrecognized exposure away from the 
job site is another possibility. In any 
event, Ihis case lends stress lo Ihe value 
ol periodic physical examinations rather 
lhan examinations of biologic materials 
to delecl early evidence ol signs of 
manganism. 

Conc lus ion 
A l t h o u g h p a r k i n s o n i s m a n d 

manganism are indistinguishable. Ihe 

deteclion ol (ive cases among persons 

having an occupational manganese ex

posure, and in an age group in which 

parkinsonism is not expected, justilies 

the presumption ol a causal relationship. 

The mobilization and excretion ol large 

amounts ol sloied manganese alter treat

ment wilh Calcium EDI A supports Ihis 

presumption. 
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